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REQUEST FOR EXTENSION OF 
PATENT TERM UNDER 35 U>S,C> 156 

Assistant Commissioner for Patents 
Attn: Box Patent Ext. 
Washington, D.C. 20231 

Sir: 

Pursuant to Section 201(a) of the Drug Price 
Competition and Patent Term Restoration Act of 1984, 35 U.S.C. 
156, Eli Lilly and Company, owner of the above- identified 
patent by an Assignment recorded on March 14, 1996, in 
Reel 7842, Frame 647, hereby requests an extension of the 
patent term of U.S. Patent No. 5,681,932. The following 
information is submitted by an authorized patent attorney (See 
Exhibit M) in accordance with 35 U.S.C. 156(d) and 37 C.F.R. 
1.710 et sea , and follows the numerical format set forth in 37 
C.F.R. 1 .740 (a) : 

(1) A complete identification of the approved 
product as by appropriate chemical and generic name, physical 
structure or characteristics: 

The approved product is Drotrecogin alfa (activated) 
which has the chemical name recombinant human Activated 
Protein C. The representative structure of Drotrecogin alfa 
(activated) is attached as Exhibit A. 
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Drotrecogin alfa (activated) is the active ingredient in the 

TM 

product Xigris as may be seen from attached Exhibit B, which 
is the Product Information sheet for this product. 

(2) A complete identification of the Federal 
statute including the applicable provision of law under which 
the regulatory review occurred: 

The regulatory review occurred under Section 5 05 of 
the Federal Food, Drug and Cosmetic Act (FFDCA) , 21 U.S.C. 301 
et seq. and Section 351(a) of the Public Health Service Act. 
Section 505 provides for the submission and approval of new 
drug applications (NBAs) for human drug products meeting the 
definition of "new drug" under Section 201 (p) of the Act. 
Section 351(a) of the Public Health Service Act provides for 
the approval of new biologic license applications (BLAs) . 

(3) An identification of the date on which the 
product received permission for commercial marketing or use 
under the provision of law under which the applicable 
regulatory review period occurred: 

Drotrecogin alfa (activated) was approved by the . 
Food and Drug Administration (FDA) for commercial marketing on 
November 21, 2001 pursuant to Section 351(a) of the Public 
Health Service Act (42 USC § 262 et seq . ) , as may be seen from 
Exhibit C (attached) . 

(4) In the case of a drug product, an 
identification of each active ingredient in the product and as 
to each active ingredient, a statement that it has not been 
previously approved for commercial marketing or use under the 
Federal Food, Drug, and Cosmetic Act, the Public Health 
Service Act, or the Virus -Serum- Toxin Act, or a statement of 
when the active ingredient was approved for commercial 
marketing or use (either alone or in combination with other 
active ingredients) , the use for which it was approved, and 
the provision of law under which it was approved. 

As stated in Sections 1, 2, and 3 above, the active 
ingredient in the product Xigris™ is Drotrecogin alfa 
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(activated) . Drotrecogin alfa (activated) had not previously 
been approved for commercial marketing or use under the 
Federal Food, Drug and Cosmetic Act or the Public Health 
Service Act until November 21, 2 001. 

(5) A statement that the application is being 
submitted within the sixty day period permitted for submission 
pursuant to §1.720 (f) and an identification of the date of the 
last day on which the application could be submitted: 

The product was approved on November 21, 2 001 and 
the last day within the sixty day period permitted for 
submission of an application for extension of a patent is 
January 19, 2 002. Since January 19, 2 002 is a Saturday, the 
application may be timely filed on January 21, 2 002, the next 
succeeding business day in accordance with 3 5 U.S.C. 21. As 
evident from the Certificate of Mailing by "Express Mail" 
pursuant to 37 C.F.R. 1.10, this application is timely filed. 

(6) A complete identification of the patent for 
which an extension is being sought by the name of the 
inventor, the patent number, the date of issue, and the date 
of expiration: 

U.S. Patent No.: 5,681,932 (Reissue Application 
No. 09/384,327) 

Inventor: Brian W. Grinnell 
Issued: October 28, 1997 
Expires: October 28, 2014 

(7) , A copy of the patent for which an extension is 
being sought, including the entire specification (including 
claims) and drawings: 

A copy of the patent is attached as Exhibit D. 

It is pointed out that U.S. Patent No. 5,681,932 is 
currently the subject of a reissue application, which has been 
allowed. A copy of the reissue application is attached as Dl . 
A copy of the Notice of Allowance for this reissue application 
is attached as D2 , and a copy of the allowed claims are 
attached as Exhibit D3 . NOTE: Surrender of U.S.. Patent 
No. 5,681,932 does not take effect until the reissue patent 
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issues. Upon issuance, the reissued patent has the same 
effect as if the reissue patent had been originally granted in 
an amended form. 35 USC § 252. 

(8) A copy of any disclaimer, certificate of 
correction, receipt of maintenance fee payment, or 
reexamination certificate issued in the patent: 

A copy of the Certificate of Correction is attached 
as Exhibit E. 

Copies of the receipts of maintenance fee payments 
are attached as Exhibit F. 

(9) A statement that the patent claims the approved 
product or a method of using or manufacturing the approved 
product, and a showing which lists each applicable patent 
claim and demonstrates the manner in which at least one 
applicable patent claim reads on the approved product or a 
method of using or manufacturing the approved product: 

Each patent claim identified herein claims the 
approved product, which is Drotrecogin alfa (activated) . 
(recombinant human Activated Protein C) . Claims 1-4 are 
claims of U.S. Patent 5,681,932 and the remaining claims are 
in allowed reissue application no. 09/384,327. Claim 1 is 
directed to a recombinant hximan protein C molecule produced by 
inserting a vector comprising the DNA encoding human protein C 
into an adenovirus-transf ormed host cell then culturing the 
host cell under growth conditions suitable for production of 
recombinant human protein C. 

Claim 1 claims the approved product. As Drotrecogin alfa 
(activated) is a recombinant hiiman protein C molecule produced 
employing this process, it is embraced by Claim 1 (see e.g.: 
column 4, lines 1-4; column 15, line 3 6 through column 16, 
line 37; and column 68, line 60 through column 69, line 23). 

Claim 2 reads : the r;ecombinant human protein C molecule 
of Claim 1 wherein the adenovirus-transf ormed host cell is 
selected from AV12 cells and human embryonic kidney 293 cells. 
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Claim 2 claims the approved product. The approved 
product may be produced using AV12 or human embryonic kidney 
293 cells. In fact, Drotrecogin alfa (activated) is produced 
using human embryonic kidney 293 cells. Therefore, the 
approved product is embraced by Claim 2 . 

Claim 3 reads : the recombinant hiiman protein C molecule 
of Claim 2 wherein the adenovirus- transformed host cell is an 
AV12 cell. 

Claim 3 claims the approved product. The approved 
product is a recombinant human protein C molecule which may be 
produced using AV12 cells (see e.g.: column 16, lines 30-32 
and column 17, lines 62-64). Therefore, Claim 3 reads on the 
approved product. 

Claim 4 is directed to the recombinant human protein C 
molecule of Claim 2 manufactured in an adenovirus transfoarmed 
human embryonic kidney 293 cell. 

Claim 4 claims the approved product. As previously 
stated for Claim 2, Lilly manufactures Drotrecogin alfa 
(activated) using human embryonic kidney 2 93 cells and, 
therefore. Claim 4 reads on a method of manufacturing the 
approved product. 

Claim 5 recites a human protein C molecule having a 
glycosylation pattern containing N-acetylgalactosamine 
(GalNAc) . . 

Claim 5 claims the approved product. Column 5, lines 36 
through column 17, lines 64, describe the glycosylation 
characteristics of a recombinant human protein C molecule 
produced via an adenovirus transformed 2 93 cell, such as the 
cell line used to make Drotrecogin alfa (activated) . In that 
Drotrecogin alfa (activated) is a human protein C molecule 
having the claimed characteristics. Claim 5 reads on the 
approved product . 
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Claim 7 claims the human protein C of Claim 5, wherein 
the protein C is activated human protein C . 

Claim 7 claims the approved product for the reasons 
stated for Claim 5 . 

Claim 8 is directed to the hiiman protein C of Claim 5, 
wherein the human protein C has at least 2.6 moles of N- 
acetylgalactosamine per mole of protein C. 

For the reasons stated for Claim 5, Claim 8 reads on the 
approved product . 

Claim 9 claims human protein C produced by introducing 
DNA encoding protein C into a cell. and expressing the protein 
C in said cell, wherein the protein C has a glycosylation 
pattern containing N-acetylgalactosamine (GalNAc) . 

As Drotrecogin alfa (activated) is a recombinant human 
protein C molecule produced employing this process and 
containing GalNAc, it is embraced by Claim 9. 

Claim 11 is directed to the human protein C of Claim 9 , 
wherein the human protein C is activated protein C produced by 
introducing DNA encoding protein C into a cell, expressing 
said protein C in said cell, and activating the protein C. 

For the reasons stated for Claim 9, Claim 11 also reads 
on Drotrecogin alfa (activated) . 

Claim 12 claims the human protein C of Claim 9, wherein 
said cell is an adenovirus- transformed host cell. 

For the same reasons stated for Claim 9 and because 
Drotrecogin alfa (activated) is a human protein C 
manufactured employing an adenovirus -trans formed host cell. 
Claim 12 embraces the approved product. 

Claim 14 is directed to the activated human protein C of 
Claim 11, wherein said cell is an adenovirus- transformed host 
cell. 
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For the same reasons stated for Claim 11 and because 
Drotrecogin alfa (activated) is an activated human protein C 
produced employing an adenovirus- transformed host cell, 
Claim 14 embraces the approved product. 

Claim 15 is directed to the activated human protein C of 
Claim 14, wherein the adenovirus-transf ormed host cell is AV12 
or human embryonic kidney 293. 

For the same reasons stated for Claim 14 and because 
Drotrecogin alfa (activated) is an activated protein C which 
may be produced via an AVI 2 or a human embryonic kidney 2 93 
cell. Claim 14 reads on the approved product. 

Claim 16 claims the activated human protein C molecule of 
Claim 14, wherein the adenovirus-transf ormed host cell is a 
human embryonic kidney 293 cell. 

Claim 16 reads on the approved product for the same 
reasons stated for Claim 15. 

Claim 18 claims a recombinant human protein C molecule of 
Claim 1, wherein the human protein C is activated protein C 
produced by inserting a DNA vector encoding protein C into an 
adenovirus-transf ormed host cell, culturing said. host cell 
under conditions suitable for production of said recombinant 
protein; and activating the protein C to produce activated 
protein C. 

For the reasons stated above for Claim 1, and more 
specifically because Drotrecogin alfa (activated) is an 
example of an activated protein C produced by inserting a DNA 
vector encoding protein C into an adenovirus- transformed host 
cell, culturing said host cell under conditions suitable for 
production of said recombinant protein; and activating the 
protein. Claim 18 reads on the approved product. 
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Claim 19 claims the human protein C of Claim 5, wherein 
said protein C contains fucose in an amount of at least about 
4.0 moles fucose per mole of human protein C. 

For the reasons stated above for Claim 5, and more , 
specifically because Drotrecogin alfa (activated) is an 
example of a human protein C molecule containing fucose in an 
amount of at least about 4 . 0 moles fucose per mole of human 
protein C, Claim 19 reads on the approved product. 

Claim 20 is directed to the human protein C of Claim 5, 
wherein said protein C contains N-acetylgalactosamine in an 
amount of at least about .62 moles N-acetylgalactosamine per 
mole of human protein C. 

For the reasons stated above for Claim 5, and more 
specifically because Drotrecogin alfa (activated) is an 
example of a human protein C containing about .62 moles N- 
acetylgalactosamine per mole of human protein C, claim 2 0 
reads on the approved product . 

Claim 21 claims the human protein C of claim 5 , . wherein 
said protein C contains oligosaccharide chains which are N- 
linked and does not contain 0-linked oligosaccharide chains. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is an 
example of a hioman protein C containing oligosaccharide chains 
which are N- linked and not O- linked oligosaccharide chains, 
claim 21 reads on the approved product. 

Claim 22 claims the human protein C of claim 5, wherein 
the protein C contains oligosaccharide chains which are N- 
linked. 

For the reasons stated above for claim 21, claim 22 reads 
on the approved product. 
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Claim 23 is directed to the human protein C of claim 5, 
wherein the protein C contains oligosaccharide chains which do 
not contain 0-linked oligosaccharide chains. 

For the reasons stated above for claim 22, claim 23 reads 
on the approved product. 

Claim 24 claims the human protein C of claim 5, wherein 
said protein C is fully y-c^^boxylated and glycosylated at 
positions 97, 248, 313 and 329. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is fully y- 
carboxylated and glycosylated at positions 97, 248, 313 and 
329, claim 24 reads on the approved product. 

Claim 25 claims the human protein C of claim 5, wherein 
said protein C contains less than about 10 moles sialic acid 
per mole of human protein C. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing less than about 10 moles sialic acid per 
mole of human protein C, claim 25 reads on the approved 
product . 

Claim 2 6 claims human protein C which differs from human 
plasma protein C in that human protein C has a lower content 
of sialic acid residues and N-acetylgalactosamine residues are 
present. 

For the reasons stated above for claim 5, and because 
Drotrecogin alfa (activated) differs from human plasma protein 
C in that it has a lower content of sialic acid residues and 
N-acetylgalactosamine residues are present, claim 2 6 reads on 
the approved product. 

Claim 27 claims the human protein C of claim 5, wherein 
said protein C contains about 4.8 moles fucose per mole of 
human protein C . 
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For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing about 4.8 moles fucose per mole of human 
protein C, claim 27 reads on the approved product. 

Claim 28 states the human protein C of, claim 5, wherein 
said protein C contains about 2 . 6 moles N-acetylgalactosamine 
per mole of human protein C. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing about 2.6 moles N-acetylgalactosamine per 
mole of h\aman protein C, claim 2 8 reads on the approved 
product . 

Claim 29 claims the hiiman protein C of claim 5, wherein 
said protein C contains about 12 . 4 moles N-acetylglucosamine 
per mole of human protein C . 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing about 12.4 moles N-acetylglucosamine per 
mole of human protein C, claim 2 9 reads on the approved 
product . 

Claim 30 is directed to the human protein C of claim 5, 
wherein said protein C contains about 6.0 moles galactose per 
mole human protein C. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing about 6.0 moles galactose per mole human 
protein C, claim 3 0 reads on the approved product. 

Claim 31 claims the human protein C of claim 5, wherein 
said protein C contains about 8 . 5 moles mannose per mole human 
protein C. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
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protein C containing about 8 . 5 moles mannose per mole human 
protein C, claim 31 reads on the approved product. 

Claim 32 claims the human protein C of claim 5, wherein 
said protein C contains about 5.4 moles sialic acid per mole 
human protein C . 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a human 
protein C containing about 5.4 moles sialic acid per mole 
human protein C, claim 32 reads on the approved product. 

Claim 33 claims human protein C having about 4.8 mples 
fucose per mole of human protein C, about 2.6 moles N- 
acetylgalactosamine per mole of hximan protein C, about 12.4 
moles N-acetylglucosamine per mole of human protein C, about 
6.0 moles galactose per mole human protein C, about 8.5 moles 
mannose per mole human protein C and about 5.4 moles sialic 
acid per mole hiiman protein C. 

For the reasons stated above for claim 5, and more 
specifically because Drotrecogin alfa (activated) is a hviman 
protein C having about 4.8 moles fucose per mole of human 
protein C, about 2.6 moles N-acetylgalactosamine per mole of 
human protein C, about 12.4 moles N-acetylglucosamine per mole 
of human protein C, about 6.0 moles galactose per mole human 
protein C, about 8.5 moles mannose per mole human protein C 
and about 5.4 moles sialic acid per mole human protein C, 
claim 33 reads on the approved product. 

Claim 34 claims human protein C having increased 
anticoagulant activity as compared to plasma human protein C. 

As explained in the patent (column 16, line 59 through 
col\imn 17, line 64), recombinant human activated protein c 
produced via a adenovirus- transformed 293 cell has increased 
anticoagulant activity. Because Drotrecogin alfa (activated) 
is an example of a recombinant human activated protein C 
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having increased anticoagulant activity as compared to plasma 
human protein C, the approved product is embraced by claim 34. 

(10) A statement, beginning on a new page, of the 
relevant dates and information pursuant to 35 U.S.C. 156(g) in 
order to enable the Secretary of Health and Human Services or 
the Secretary of Agriculture, as appropriate, to determine the 
applicable regulatory review period as follows: 

(i) For a patent claiming a hiiman drug, antibiotic, 
or human biological product, the effective date of the 
investigational new drug (IND) application and the IND number; 
the date on which a new drug application (NDA) or a Product 
License Application (PLA) was initially submitted and the NDA 
or PLA n-umber and the date on which the NDA was approved or 
the Product License issued; 

(11) For a patent claiming a new animal drug, the 
date a major health or environmental effects test on the drug 
was initiated and any available substantiation of that date or 
the date of an exemption under subsection (j) of section 512 
of the Federal Food, Drug, and Cosmetic Act became effective 
for such animal drug; the date on which a new animal- drug 
application (NADA) was initially submitted and the NADA 
number; and the date on which the NADA was approved; 

(iii) For a patent claiming a veterinary biological 
product, the date the authority to prepare an experimental 
biological product under the Virus -Serum-Toxin Act became 
effective; the date an application for a license was submitted 
under the Virus-Serum-Toxin Act ; and the date the license 
issued; 

(iv) For a patent claiming a food or color additive, 
the date a major health or environmental effects test on the 
additive was initiated and any available substantiation of 
that date; the date on which a petition for product approval 
under the Federal Food, Drug, and Cosmetic Act was initially 
submitted and the petition number; and the date on which the 
FDA published the Federal Register notice listing the additive 
for use; 
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(v) For a patent claiming a medical device, the 
effective date of the investigational device exemption (IDE) 
and the IDE number, if applicable, or the date on which the 
applicant began the first clinical investigation involving the 
device if no IDE was submitted and any available 
substantiation of that date; the date on which the application 
for product approval or notice of completion of a product 
development protocol under section 515 of the Federal Food, 
Drug, and Cosmetic Act was initially submitted and the number 
of the application or protocol; and the date on which the 
application was approved or the protocol declared to be 
completed: 
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On December 19, 1994, Eli Lilly and Company, the 
assignee of U.S. Patent No, 5,681,932 (Reissue Application 
No. . 09/384, 327) , submitted to the FDA a "Notice of Claimed 
Investigational Exemption for a New Drug" (IND) under Section 
505 (i) of the .FFDCA to permit the interstate shipment of 
Drotrecogin alfa (activated) for the purpose of conducting 
clinical studies to support the approval of a subsequent BLA 
for Drotrecogin alfa (activated) . A copy of the letter 
transmitting the IND to the FDA is attached as Exhibit G. By 
letter dated December 27, 1994, the FDA acknowledged receipt of 
the IND, assigned the IND number 5919, and indicated that the 
IND would become effective thirty days after the date of its 
receipt on December 27, 1994. A copy of this letter is 
attached as Exhibit H. This establishes the beginning of the 
"regulatory review period" under 35 U.S.C. 156(g) (1) as 
January 25, 1995, the effective date of an exemption under 
Section 505 (i) . 

Lilly submitted a Biologies License Application 
(BLA) for Drotrecogin alfa (activated) , BLA 125029/0, on 
January 25, 2001. A copy of the letter transmitting the BLA 
is attached as Exhibit I. The BLA submission was received. by 
the FDA on January 26, 2001 as indicated by Exhibit J. Thus, 
for the purpose of the "regulatory review period" under 35 
U.S.C. 156(g)(1), January 26, 2001 is the date of initial 
submission of a BLA under Section 505 for Drotrecogin alfa 
(activated) . 

The BLA described above was approved on November 21, 
2 001. Attached as Exhibit C is a letter dated November 21, 
2 001 from the FDA to Lilly approving the BLA for Drotrecogin 
alfa (activated) . Thus, for the purpose of the "regulatory 
review period" under 35 U.S.C. 156(g)(1), November 21, 2001 is 
the date of approval of the application for Drotrecogin alfa 
(activated) submitted on January 25, 2001. 

(11) A brief description beginning on a new page of 
the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with 
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During the applicable regulatory review period, 
Lilly was actively involved in obtaining BLA approval for 
Drotrecogin alfa (activated). As discussed in (10) above, the 
IND for Drotrecogin alfa (activated) was submitted on 
December 19, 1994, the BLA was submitted on January 25, 2001, 
and the BLA was approved on November 21, 2 001. Lilly was in 
close consultation with the FDA during the clinical studies 
conducted under the IND. Similarly, subsequent to the 
submission of the BLA, Lilly had numerous contacts and 
meetings with the FDA with respect to the approval and, in 
fact, conducted additional studies at FDA^s request to support 
the BLA approval. The description of significant activities 
undertaken by Lilly with respect to Drotrecogin alfa 
(activated) during the regulatory review period as set forth 
in Exhibit K is illustrative of the activities involved. 

(12) A statement beginning on a new page that in 
the opinion of the applicant the patent is eligible for the 
extension and a statement as to the length of extension 
claimed, including how the length of extension was determined: 
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(a) Statement of eligibility of the patent for 
extension under 35 U.S.C. 156(a): 

Section 156(a) provides, in relevant part, that the 
term of a patent which claims a product, a method of using a 
product, or a method of manufacturing a product shall be 
extended if (1) the term of the patent has not expired before 
an application for extension is submitted, (2) the term of the 
patent has never been extended, (3) the application for 
extension is submitted by the owner of record of the patent or 
its agent in accordance with 35 U.S.C. 156(d), (4) the product 
has been subject to a regulatory review period before its 
commercial marketing or use, and (5) the permission for the 
commercial marketing or use of the product after such 
regulatory review period is the first permitted commercial 
marketing or use of the product under the provision of law 
under which such regulatory review period occurred. 

As described below by corresponding number, each of 
these elements is satisfied here: 

(1) The term of U.S. Patent No. 5,681,932 (Reissue 
Application No. 09/384,327) expires on October 28, 2014. This 
application has, therefore, been submitted before the 
expiration of the patent term. 

(2) The term of this patent has never been 

extended. 

(3) This application is submitted by the owner of 
record, Eli Lilly and Company (Assignment recorded on 

March 14, 1996, in Reel 7842, Frame 647). This application is 
submitted in accordance with 35 U.S.C. 156(d) in that it is 
submitted within the sixty day period beginning on the date, 
November 21, 2001, the product received permission for 
marketing under the FFDCA and contains the information 
required under 35 U.S.C. 156(d). 

(4) As evidenced by the November 21, 2 001 letter 
from the FDA (Exhibit C) , the product was subject to a 
regulatory review period under Section 505 of the FFDCA before 
its commercial marketing or use. 

(5) Finall-y, the permission for the commercial 
marketing of Drotrecogin alfa (activated) after regulatory 
review under the Public Health Service Act is the first 



U.S. Patent No. 5,681,932 -18- 



permitted commercial marketing of Drotrecogin alfa 
(activated) . This is confirmed by the absence of any approved 
new drug application for Drotrecogin alfa (activated) prior to 
November 21, 2 001. 

(b) Statement as to length of extension claimed: 

The term of U.S. Patent No. 5,681,932 (Reissue 
Application No. 09/384,327) should be extended by 389 days to 
November 21, 2015. This extension was determined on the 
following basis: as set forth in 35 U.S.C. 156(g) (1) and 37 
C.F.R. 1.775(c), the regulatory review period iequals the 
length of time between the effective date of the initial IND, 
January 25, 1995, and the initial submission of the BLA, 
January 26, 2001, a period of 2194 days, plus the length of 
time between the initial submission of the BLA, January 26, 
2001, to BLA approval, November 21, 2001, a period of 300 
days. These two periods added together equal 2494 days. 

Pursuant to 35 U.S.C. 156(c) and 37 C.F.R. 1.775 
(d) (1) (i), the term of the patent eligible for extension shall 
be extended by the time equal to the regulatory review period 
which occurs after the date the patent was issued. In this 
case, this is a period running from the date of patent issue, 
October 28, 1997, to the date of BLA approval, November 21, 
2001, a period of 1487 days. 

As discussed in paragraph (11) above and as 
illustrated in Exhibit K, Lilly was continuously and 
diligently working toward securing BLA approval for 
Drotrecogin alfa (activated) . As Lilly acted with due 
diligence during the entire period of regulatory review, the 
1487 -day period calculated above as the term of the patent 
eligible for extension should not be reduced for lack of 
diligence under 35 U.S.C. 156(c) (1) or 37 C.F.R. 1.775 
(d) (1) (ii) . 

Pursuant to 35 U.S.C. 156(c)(2) and 37 C.F.R. 
1.775(d) (1) (iii), this 1487-day period is to be reduced by 
one-half of the time from the effective date of the initial 
IND, January 25, 1995, or the date of patent issue, 
October 28, 1997, whichever is later, to the date of initial 
submission of the BLA, January 26, 2001, a period of 1187 
days. One half of this period is 593 days. Thus, the 
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regulatory period of 894 days. 

Pursuant to 35 U.S.C. 156(c) (3) and 37 C.F.R. 
1.775(d) (2-4), if the period remaining in the term of the 
patent after the date of approval November 21, 2001 to. 
October 28, 2014, a period of 4724 days, when added to the 
revised regulatory review period (894 days) exceeds 14 years 
(5113 days), the period of extension must be reduced so that 
the total of both such periods does not exceed fourteen years. 
In this case, the total of both such periods exceeds 14 years 
by 505 days. Therefore, the 894-day revised regulatory review 
period must be reduced by 505 days to a 389~day period. 

The period of patent term extension as calculated 
above is also subject to the provisions of 35 U.S.C. 156(g) (4) 
and 37 C.F.R. 1.775(d) (5-6) . The patent to be extended issued 
before and the clinical evaluation of the approved product 
began after the enactment of the statute, September 24, 1984. 
Since commercial marketing of the drug was approved after 
enactment of the statute, the five year maximum on extension 
as provided in 35 U.S.C. 156(g) (6) (B) and 37 C.F.R. 
1.775(d) (6) is applicable. Since this maximum is greater than 
the period calculated above, the term of the patent is 
eligible for a 389-day extension until November 21, 2015. 

(13) A statement that applicant acknowledges a duty 
to disclose to the Assistant Commissioner for Patents and the 
Secretary of Health and Human Services or the Secretary of 
Agriculture any information which is material to the 
determination of entitlement to the extension sought (See 
§1.765) : 

Applicant acknowledges a duty to disclose to the 
Assistant Commissioner for Patents and the Secretary, of Health 
and Human Services any information which is material to any 
determination of entitlement to the extension sought. Further 
to the information already presented in this application and 
attached exhibits. Applicant notes that on November 12, 1998, 
Eli Lilly and Company, the assignee of U.S. Patent 
No. 5,681,932 (Reissue Application No. 09/384,327) submitted 
to the FDA an IND for the purpose of conducting clinical 
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studies to support the use of Drotrecogin alfa (activated) to 
treat stroke (Exhibit L) . The FDA acknowledged a receipt for 
the IND of November 13, 1998, and assigned the IND number 
8039. 

(14) The prescribed fee for receiving and acting 
upon the application for extension (See §1.20(j)): 

As indicated by the letter of transmittal submitted 
with this application, the Assistant Commissioner for Patents 
has been authorized to charge the filing fee of $1,120.00 and 
any additional fees which may be required by this or any other 
related paper, or credit any overpayment to Deposit Account 
No. 05-0840 in the name of Eli Lilly and Company and any 
additional fees which may be required. 



person to whom inquiries and correspondence relating to the 
application for patent term extension are to be directed: 



Lilly and Company, Patent Division/BPB, Lilly Corporate 
Center, Indianapolis, Indiana 46285. Direct telephone calls 
to Brian P. Barrett, 317-276-7243. 

This application is accompanied by two additional 
copies of such application (for a total of three copies) . 

ELI LILLY AND COMPANY 



(15) The name, address, and telephone number of the 



Address all correspondence to Brian P. Barrett, Eli 




Brian P. Barrett 



Attorney for Applicant 
Registration No. 39,597 



Phone : 



317-276-7243 



Eli Lilly and Company 
Patent Division/BPB 
Lilly Corporate Center 
Indianapolis, Indiana 46285 
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A. Representative structure of Drotrecogin alfa 
(activated) 

B. Product Information sheet 

C. Approval Letter 

D. Patent 

Dl . Reissue Application 

D2 . Notice of Allowance for Reissue Application 

D3 . Allowed claims for Reissue Application 

E. Certificate of Correction 

F. Receipts of maintenance fee payments 
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FDA 

H. FDA receipt letter for Notice of Claimed 
Investigational Exemption for a New Drug 
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J. Receipt Letter from FDA for BLA 

K. Description of significant activities undertaken 
by Lilly with respect to Drotrecogin alfa 
(activated) during the regulatory review period 
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Alanine 


A 


Leucine 


L 


Arginine 


R 


Lysine 


K 


Asparagine 


N 


Methionine 


M 


Aspartic acid 


D 


Phenylalanine 


F 


Cysteine 


C 


Proline 


P 


Glutamic acid 


E 


Serine 


S 


Glutamine 


Q 


Threonine 


T 


Glycine 


G 


Tryptophan 


W 


Histidine 


H 


Tyrosine 


Y 


Isoleucine 


I 


Valine 


V 


B-hydroxy aspartic acid 


B 


Y-carboxyglutamic acid 


Y 



*Glycosylation sites 
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1 PV 3420 AMP 

2 Xigris™ 

3 Drotrecogin alfa (activated) 

4 DESCRIPTION 

5 Xigris"''" (drotrecogin alfa (activated)) is a recombinant form of human Activated Protein C. An 

6 established human cell line possessing the complementary DNA for the inactive human Protein C 

7 zymogen secretes the protein into the fermentation medium. Fermentation is carried out in a 

8 nutrient medium containing the antibiotic geneticin sulfate. Geneticin sulfate is not detectable in 

9 the final product. Human Protein C is enzymatically activated by cleavage with thrombin and 

10 subsequently purified. 

1 1 Drotrecogin alfa (activated) is a serine protease with the same amino acid sequence as human 

12 plasma-derived Activated Protein C. Drotrecogin alfa (activated) is a glycoprotein of 

13 approximately 55 kilodalton molecular weight, consisting of a heavy chain and a light chain linked 

14 by a disulfide bond. Drotrecogin alfa (activated) and human plasma-derived Activated Protein C 

15 have the same sites of glycosylation, although some differences in the glycosylation structures 

16 exist. 

17 Xigris is supplied as a sterile, lyophilized, white to off-white powder for intravenous infusion. 

18 The 5 and 20 mg vials of Xigris contain 5.3 mg and 20.8 mg of drotrecogin alfa (activated), 

19 respectively. The 5 and 20 mg vials of Xigris also contain 40.3 and 158.1 mg of sodium chloride, 

20 10.9 and 42.9 mg of sodium citrate, and 31.8 and 124.9 mg of sucrose, respectively. 

21 CLINICAL PHARMACOLOGY 

22 General Pharmacology 

23 Activated Protein C exerts an antithrombotic effect by inhibiting Factors Va and Villa. In vitro 

24 data indicate that Activated Protein C has indirect profibrinolytic activity through its ability to 

25 inhibit plasminogen activator inhibitor- 1 (PAI-1) and limiting generation of activated thrombin- 

26 activatable-fibrinolysis-inhibitor. Additionally, in vitro data indicate that Activated Protein C may 

27 exert an anti-inflammatory effect by inhibiting human tumor necrosis factor production by 

28 monocytes, by blocking leukocyte adhesion to selectins, and by limiting the thrombin-induced 

29 inflammatory responses within the microvascular endothelium. 

30 Pharmacodynamics 

31 The specific mechanisms by which Xigris exerts its effect on survival in patients with severe 

32 sepsis are not completely understood. In patients with severe sepsis, Xigris infusions of 48 or 96 

33 hours produced dose-dependent declines in D-dimer and IL-6. Compared to placebo, Xigris- 

34 treated patients experienced more rapid declines in D-dimer, PAI-1 levels, thrombin-antithrombin 

35 levels, prothrombin F1.2, IL-6, more rapid increases in protein C and antithrombin levels, and 

36 normalization of plasminogen. As assessed by infusion duration, the maximum observed 

37 pharmacodynamic effect of drotrecogin alfa (activated) on D-dimer levels occurred at the end of 

38 96 hours of infiision for the 24 |Lig/kg/hr treatment group. 
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39 Human Pharmacokinetics 

40 Xigris and endogenous Activated Protein C are inactivated by endogenous plasma protease 

41 inhibitors. Plasma concentrations of endogenous Activated Protein C in healthy subjects and 

42 patients with severe sepsis are usually below detection limits. 

43 In patients with severe sepsis, Xigris infusions of 12 ^g/kg/hr to 30 |xg/kg/hr rapidly produce 

44 steady state concentrations (Css) that are proportional to infusion rates. In the phase 3 trial {see 

45 CLINICAL STUDIES), the median clearance of Xigris was 40 Uhr (interquartile range of 27 to 

46 52 L/hr). The median Css of 45 ng/mL (interquartile range of 35 to 62 ng/mL) was attained within 

47 2 hours after starting infiision. In the majority of patients, plasma concentrations of Xigris fell 

48 below the assay's quantitation limit of 10 ng/mL within 2 hours after stopping infusion. Plasma 

49 clearance of Xigris in patients with severe sepsis is approximately 50% higher than that in healthy 

50 subjects. 

51 Special Populations 

52 In adult patients with severe sepsis, small differences were detected in the plasma clearance of 

53 Xigris with regard to age, gender, hepatic dysfunction or renal dysfiinction. Dose adjustment is 

54 not required based on these factors alone or in combination {see PRECAUTIONS). 

55 End stage renal disease — Patients with end stage renal disease requiring chronic renal 

56 replacement therapy were excluded from the Phase 3 study. In patients without sepsis undergoing 

57 hemodialysis (n=6), plasma clearance (mean ± SD) of Xigris administered on non-dialysis days 

58 was 30 ± 8 L/hr. Plasma clearance of Xigris was 23 ± 4 L/hr in patients without sepsis undergoing 

59 peritoneal dialysis (n=5). These clearance rates did not meaningfully differ from those in normal 

60 healthy subjects (28 ± 9 L/hr) (n=190). 

61 Pediatncs—Saftiy and efficacy have not been established in pediatric patients with severe 

62 sepsis {see INDICATIONS AND USAGE), therefore no dosage recommendation can be made. 

63 The pharmacokinetics of a dose of 24 [ig/kg/hr of Xigris appear to be similar in pediatric and 

64 adult patients with severe sepsis. 

65 Drug-Drug Interactions — ^Formal drug interactions studies have not been conducted. 

66 CLINICAL STUDIES 

67 The efficacy of Xigris was studied in an international, multi-center, randomized, double-blind, 

68 placebo-controlled trial (PROWESS) of 1690 patients with severe sepsis.^ Entry criteria included 

69 a systemic inflammatory response presumed due to infection and at least one associated acute 

70 organ dysfunction. Acute organ dysfunction was defined as one of the following: cardiovascular 

71 dysfunction (shock, hypotension, or the need for vasopressor support despite adequate fluid 

72 resuscitation); respiratory dysfunction (relative hypoxemia (Pa02/Fi02 ratio <250)); renal 

73 dysfunction (oliguria despite adequate fluid resuscitation); thrombocytopenia (platelet count 

74 < 80,000/mm^ or 50% decrease from the highest value the previous 3 days); or metabolic acidosis 

75 with elevated lactic acid concentrations. Patients received a 96 hour infusion of Xigris at 24 

76 |Lig/kg/hr or placebo starting within 48 hours after the onset of the first sepsis induced organ 

77 dysfunction. Exclusion criteria encompassed patients at high risk for bleeding {see 

78 CONTRAINDICATIONS and WARNINGS), patients who were not expected to survive for 28 
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79 days due to a pre-existing, non-sepsis related medical condition, HIV positive patients whose 

80 most recent CD4 count was <50/mm^, patients on chronic dialysis, and patients who had 

81 undergone bone marrow, lung, liver, pancreas or small bowel transplantation. 

82 The primary efficacy endpoint was all-cause mortality assessed 28 days after the start of study 

83 drug administration. Prospectively defined subsets for mortality analyses included groups defined 

84 by APACHE II Score^ (a score designed to assess risk of mortality based on acute physiology and 

85 chronic health evaluation, see http://www.sfar.org/scores2/scores2.html), protein C activity, and 

86 the number of acute organ dysfunctions at baseline. The APACHE II score was calculated fi*om 

87 physiologic and laboratory data obtained within the 24-hour period immediately preceding the 

88 start of study drug administration irrespective of the preceding length of stay in the Intensive Care 

89 Unit. 

90 The study was terminated after a planned interim analysis due to significantly lower mortality in 

91 patients on Xigris than in patients on placebo (210/850, 25% vs. 259/840, 31% p=0.005, see 

92 Table 1). 

93 Baseline APACHE II score, as measured in PROWESS, was correlated with risk of death; 

94 among patients receiving placebo, those with the lowest APACHE II scores had a 12% mortality 

95 rate, while those in the 2nd, 3rd, and 4th APACHE quartiles had mortality rates of 26%, 36% and 

96 49%, respectively. The observed mortality difference between Xigris and placebo was limited to 

97 the half of patients with higher risk of death, i.e., APACHE II score >25, the 3rd and 4th quartile 

98 APACHE II scores (Table 1). The efficacy of Xigris has not been established in patients with 

99 lower risk of death, e.g., APACHE II score < 25. 

100 Table 1 : 28-Day All-Cause Mortality for All Patients and for 

101 Subgroups Defined by APACHE II Score^ 





Xigris 

Total N*' ]^(%) 


Placebo 

Total N N (%) 


Absolute 
Mortality 
Difference (%) 


Relative 
Risk (RR) 


95% CI for RR 


Overall 


850 210(25) 


840 259(31) 


-6 


0.81 


0.70, 0.93 


APACHE II quartile (score) 


l^t +2"** (3-24) 


436 82 (19) 


437 83 (19) 


0 


0.99 


0.75, 1.30 


3rd _^ 4th (25.53) 


414 128(31) 


403 176 (44) 


-13 


0.71 


0.59, 0.85 



102 For more information on calculating the APACHE II Score, 

103 see: http://www.sfar.org/scores2/scores2.html 

104 ^otal N = Total number of patients in group 

105 = Number of deaths in group 

106 Of measures used, the APACHE II score was most effective in classifying patients by risk of 

107 death and by likelihood of benefit from Xigris, but other important indicators of risk or severity 

108 also supported an association between likelihood of Xigris benefit and risk of death. Absolute 

109 reductions in mortality of 2%, 5%, 8% and 11% with Xigris were observed for patients with 1, 2, 

110 3, and 4 or more organ dysfunctions, respectively. Similarly, each of the three major components 

111 of the APACHE II score (acute physiology score, chronic health score, age score) identified a 

112 higher risk population with larger mortality differences associated with treatment. That is, the 
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113 reduction in mortality was greater in patients with more severe physiologic disturbances, in 

114 patients with serious underlying disease predating sepsis, and in older patients. 

115 Treatment-associated reductions in mortality were observed in patients with normal protein C 

116 levels and those with low protein C levels. No substantial differences in Xigris treatment effects 

117 were observed in subgroups defined by gender, ethnic origin, or infectious agent. 

118 INDICATIONS AND USAGE 

119 Xigris is indicated for the reduction of mortality in adult patients with severe sepsis (sepsis 

120 associated with acute organ dysfunction) who have a high risk of death (e.g., as determined by 

121 APACHE II, see CLINICAL STUDIES). 

122 Efficacy has not been established in adult patients with severe sepsis and lower risk of death. 

123 Safety and efficacy have not been established in pediatric patients with severe sepsis. 

124 CONTRAINDICATIONS 

125 Xigris increases the risk of bleeding. Xigris is contraindicated in patients with the following 

126 clinical situations in which bleeding could be associated with a high risk of death or significant 

127 morbidity: 

128 • Active internal bleeding 

129 • Recent (within 3 months) hemorrhagic stroke 

130 • Recent (within 2 months) intracranial or intraspinal surgery, or severe head trauma 

131 • Trauma with an increased risk of life-threatening bleeding 

132 • Presence of an epidural catheter 

133 • Intracranial neoplasm or mass lesion or evidence of cerebral herniation 

134 Xigris is contraindicated in patients with known hypersensitivity to drotrecogin alfa (activated) 

135 or any component of this product. 

136 WARNINGS 

137 Bleeding is the most common serious adverse effect associated with Xigris therapy. Each 

138 patient being considered for therapy with Xigris should be carefully evaluated and anticipated 

139 benefits weighed against potential risks associated with therapy. 

140 Certain conditions, many of which led to exclusion fi*om the phase 3 trial, are likely to increase 

141 the risk of bleeding with Xigris therapy. Therefore, for patients with severe sepsis who have one 

142 or more of the following conditions, the increased risk of bleeding should be carefully considered 

143 when deciding whether to use Xigris therapy: 

144 ♦ Concurrent therapeutic heparin (>15 units/kg/hr) 

145 ♦ Platelet count <30,000 x 10^/L, even if the platelet count is increased after transfiisions 

146 • Prothrombin time-INR >3.0 

147 • Recent (within 6 weeks) gastrointestinal bleeding 

148 • Recent administration (within 3 days) of thrombolytic therapy 

149 • Recent administration (within 7 days) of oral anticoagulants or glycoprotein Ilb/IIIa 

150 inhibitors 
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151 • Recent administration (within 7 days) of aspirin >650 mg per day or other platelet inhibitors 

152 • Recent (within 3 months) ischemic stroke {see CONTRAINDICATIONS) 

153 • Intracranial arteriovenous malformation or aneurysm 

154 • Known bleeding diathesis 

155 • Chronic severe hepatic disease 

156 • Any other condition in which bleeding constitutes a significant hazard or would be 

157 particularly difficult to manage because of its location 

158 Should clinically important bleeding occur, immediately stop the infusion of Xigris. Continued 

159 use of other agents affecting the coagulation system should be carefully assessed. Once adequate 

160 hemostasis has been achieved, continued use of Xigris may be reconsidered. 

161 Xigris should be discontinued 2 hours prior to undergoing an invasive surgical procedure or 

162 procedures with an inherent risk of bleeding. Once adequate hemostasis has been achieved, 

163 initiation of Xigris may be reconsidered 12 hours after major invasive procedures or surgery or 

164 restarted immediately after uncomplicated less invasive procedures. 

165 PRECAUTIONS 

166 Laboratory Tests 

167 Most patients with severe sepsis have a coagulopathy that is commonly associated with 

168 prolongation of the activated partial thromboplastin time (APTT) and the prothrombin time (PT). 

169 Xigris may variably prolong the APTT. Therefore, the APTT cannot be reliably used to assess the 

170 status of the coagulopathy during Xigris infusion. Xigris has minimal effect on the PT and the PT 

171 can be used to monitor the status of the coagulopathy in these patients. 

172 Immunogenicity 

173 As with all therapeutic proteins, there is a potential for immunogenicity. The incidence of 

174 antibody development in patients receiving Xigris has not been adequately determined, as the 

175 assay sensitivity is inadequate to reliably detect all potential antibody responses. One patient in the 

176 phase 2 trial developed antibodies to Xigris without clinical sequelae. One patient in the phase 3 

177 trial who developed antibodies to Xigris developed superficial and deep vein thrombi during the 

178 study, and died of multi-organ failure on day 36 post-treatment but the relationship of this event 

179 to antibody is not clear. 

180 Xigris has not been readministered to patients with severe sepsis. 

181 Drug Interactions 

182 Drug interactions with Xigris have not been studied in patients with severe sepsis. Caution 

183 should be employed when Xigris is used with other drugs that affect hemostasis {see CLINICAL 

184 PHARMACOLOGY, WARNINGS). Approximately 2/3 of the patients in the phase 3 study 

185 received prophylactic low dose heparin. Concomitant use of prophylactic low dose heparin did 

186 not appear to affect safety. Its effect on the efficacy of Xigris has not been evaluated in a 

1 87 randomized controlled clinical trial. 
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1 88 Drug/Laboratory Test Interaction 

189 Because Xigris may affect the APTT assay, Xigris present in plasma samples may interfere with 

190 one-stage coagulation assays based on the APTT (such as factor VIII, IX, and XI assays). This 

191 interference may result in an apparent factor concentration that is lower than the true 

192 concentration. Xigris present in plasma samples does not interfere with one-stage factor assays 

193 based on the PT (such as factor II, V, VII, and X assays). 

194 Carcinogenesis, l\/lutagenesis, Impairment of Fertility 

195 Long-term studies in animals to evaluate potential carcinogenicity of Xigris have not been 

196 performed. 

197 Xigris was not mutagenic in an in vivo micronucleus study in mice or in an in vitro 

198 chromosomal aberration study in human peripheral blood lymphocytes with or without rat liver 

199 metabolic activation. 

200 The potential of Xigris to impair fertility has not been evaluated in male or female animals. 

201 Pregnancy Category C 

202 Animal reproductive studies have not been conducted with Xigris. It is not known whether 

203 Xigris can cause fetal harm when administered to a pregnant woman or can affect reproduction 

204 capacity. Xigris should be given to pregnant women only if clearly needed. 

203 Nursing Mothers 

206 It is not known whether Xigris is excreted in human milk or absorbed systemically after 

207 ingestion. Because many drugs are excreted in human milk, and because of the potential for 

208 adverse effects on the nursing infant, a decision should be made whether to discontinue nursing or 

209 discontinue the drug, taking into account the importance of the drug to the mother. 

210 Pediatric Use 

211 The safety and effectiveness of Xigris have not been established in the age group newborn (38 

212 weeks gestational age) to 18 years. The efficacy of Xigris in adult patients with severe sepsis and 

213 high risk of death cannot be extrapolated to pediatric patients with severe sepsis. 

214 Geriatric Use 

215 In clinical studies evaluating 1821 patients with severe sepsis, approximately 50% of the 

216 patients were 65 years or older. No overall differences in safety or effectiveness were observed 

217 between these patients and younger patients. 

218 ADVERSE REACTIONS 

219 Bleeding 

220 Bleeding is the most common adverse reaction associated with Xigris. 

221 In the phase 3 study, serious bleeding events were observed during the 28-day study period in 

222 3.5% of Xigris-treated and 2.0% of placebo-treated patients, respectively. The difference in 

223 serious bleeding between Xigris and placebo occurred primarily during the infusion period and is 

224 shown in Table 2.^ Serious bleeding events were defined as any intracranial hemorrhage, any life- 
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225 threatening bleed, any bleeding event requiring the administration of >3 units of packed red blood 

226 cells per day for 2 consecutive days, or any bleeding event assessed as a serious adverse event. 

227 Table 2: Number of Patients Experiencing a Serious Bleeding Event by Site of 

228 Hemorrliage During the Study Drug Infusion Period^ in PROWESS^ 



Xigris Placebo 

N=850 N=840 

Total 20 (2.4%) 8 (1.0%) 



Site of Hemorrhage 






Gastrointestinal 


5 


4 


Intra-abdominal 


2 


3 


Intra-thoracic 


4 


0 


Retroperitoneal 


3 


0 


Intracranial 


2 


0 


Genitourinary 


2 


0 


Skin/soft tissue 


1 


0 


Other" 


1 


1 



229 ^Study drug infusion period is defined as the date of initiation of study drug to the date of 

230 study drug discontinuation plus the next calendar day. 

23 1 ^'Patients requiring the administration of >3 units of packed red blood cells per day for 2 

232 consecutive days without an identified site of bleeding. 

233 In PROWESS, 2 cases of intracranial hemorrhage (ICH) occurred during the infusion period for 

234 Xigris-treated patients and no cases were reported in the placebo patients. The incidence of ICH 

235 during the 28-day study period was 0.2% for Xigris-treated patients and 0.1% for placebo-treated 

236 patients. ICH has been reported in patients receiving Xigris in non-placebo controlled trials with 

237 an incidence of approximately 1% during the infusion period. The risk of ICH may be increased in 

238 patients with risk factors for bleeding such as severe coagulopathy and severe thrombocytopenia 

239 (see WARNINGS). 

240 In PROWESS, 25% of the Xigris-treated patients and 18% of the placebo-treated patients 

241 experienced at least one bleeding event during the 28-day study period. In both treatment groups, 

242 the majority of bleeding events were ecchymoses or gastrointestinal tract bleeding. 

243 Other Adverse Reactions 

244 Patients administered Xigris as treatment for severe sepsis experience many events which are 

245 potential sequelae of severe sepsis and may or may not be attributable to Xigris therapy. In clinical 

246 trials, there were no types of non-bleeding adverse events suggesting a causal association with 

247 Xigris. 

248 OVERDOSAGE 

249 There is no known antidote for Xigris. In case of overdose, immediately stop the infusion and 

250 monitor closely for hemorrhagic complications (see Human Pharmacokinetics). 
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251 DOSAGE AND ADMINISTRATION 

252 Xigris should be administered intravenously at an infusion rate of 24 fig/kg/hr for a total 

253 duration of infiision of 96 hours. Dose adjustment based on clinical or laboratory parameters is 

254 not recommended (see PRECAUTIONS). 

255 If the infusion is interrupted, Xigris should be restarted at the 24 ^Lg/kg/hr infusion rate. Dose 

256 escalation or bolus doses of Xigris are not recommended. 

257 In the event of clinically important bleeding, immediately stop the infusion (see WARNINGS). 

258 Preparation and administration instructions: Use aseptic technique. 

259 1 . Use appropriate aseptic technique during the preparation of Xigris for intravenous 

260 administration. 

261 2. Calculate the dose and the number of Xigris vials needed. Each Xigris vial contains 5 mg 

262 or 20 mg of Xigris. The vial contains an excess of Xigris to facilitate delivery of the label 

263 amount. 

264 3. Prior to administration, 5 mg vials must be reconstituted with 2.5 mL Sterile Water for 

265 Injection, USP, and 20 mg vials of Xigris must be reconstituted with 10 mL of Sterile 

266 Water for Injection, USP. The resulting concentration of the solution is approximately 

267 2 mg/mL of Xigris. Slowly add the Sterile Water for Injection, USP to the vial and avoid 

268 inverting or shaking the vial. Gently swirl each vial until the powder is completely 

269 dissolved. 

270 4. The solution of reconstituted Xigris must be further diluted with sterile 0.9% Sodium 

271 Chloride Injection. Slowly withdraw the appropriate amount of reconstituted Xigris 

272 solution from the vial. Add the reconstituted Xigris into a prepared infusion bag of sterile 

273 0.9% Sodium Chloride Injection. When adding the Xigris into the infusion bag, direct the 

274 stream to the side of the bag to minimize the agitation of the solution. Gently invert the 

275 infusion bag to obtain a homogeneous solution. Do not transport the infusion bag between 

276 locations using mechanical delivery systems. 

277 5. Because Xigris contains no antibacterial preservatives, the intravenous solution should be 

278 prepared immediatelv upon reconstitution of the Xigris in the vial(s). If the vial of 

279 reconstituted Xigris is not used immediately, it may be held at controlled room 

280 temperature 15° to 30°C (59° to 86°F), but must be used within 3 hours. Intravenous 

281 administration must be completed within 12 hours after the intravenous solution is 

282 prepared. 

283 6. Parenteral drug products should be inspected visually for particulate matter and 

284 discoloration prior to administration. 

285 7. When using an intravenous infusion pump to administer the drug, the solution of 

286 reconstituted Xigris is typically diluted into an infusion bag containing sterile 

287 0.9% Sodium Chloride Injection to a final concentration of between 100 |ig/mL and 

288 200 |Lig/mL. 
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289 8. When using a syringe pump to administer the drug, the solution of reconstituted Xigris is 

290 typically diluted with sterile 0.9% Sodium Chloride Injection to a final concentration of 

291 between 100 ^g/mL and 1000 [Xg/mL. When administering Xigris at low concentrations 

292 (less than approximately 200 |ig/mL) at low flow rates (less than approximately 5 mlVhr), 

293 the infusion set must be primed for approximately 15 minutes at a flow rate of 

294 approximately 5 mL/hr. 

295 9. Xigris should be administered via a dedicated intravenous line or a dedicated lumen of a 

296 multilumen central venous catheter. The ONLY other solutions that can be administered 

297 through the same line are 0.9% Sodium Chloride Injection, Lactated Ringer's Injection, 

298 Dextrose, or Dextrose and Saline mixtures. 

299 10. Avoid exposing Xigris solutions to heat, and/or direct sunlight. No incompatibilities have 

300 been observed between Xigris and glass infusion bottles or infusion bags and syringes 

301 made of polyvinylchloride, polyethylene, polypropylene, or polyolefin. 

302 HOW SUPPLIED 

303 Xigris is available in 5 mg and 20 mg single-use vials containing sterile, preservative-free, 

304 lyophilized drotrecogin alfa (activated), 

305 Vials: 

306 5 mg Vials 

307 NDC 0002-7559-01 

308 20 mg Vials 

309 NDC 0002-7561-01 

310 Xigris should be stored in a refrigerator T to 8°C (36° to 46''F). Do not freeze. Protect 

311 unreconstituted vials of Xigris from light. Retain in carton until time of use. Do not use beyond 

312 the expiration date stamped on the vial. 
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Eli Lilly and Company 
Attention: Gregory T. Brophy, Ph.D. 
Director, U.S. Regulatory Affairs 
Lilly Corporate Center 
Indianapolis, IN 46285 

Dear Dr. Brophy: 

This letter hereby issues Department of Health and Human Services U.S. License No. 1611 to 
Eli Lilly and Company, Indianapolis, Indiana, in accordance with the provisions of Section 
351(a) of the Public Health Service Act controlling the manufacture and sale of biological 
products. This license authorizes you to introduce or deliver for introduction into interstate 
commerce, those products for which your company has demonstrated compliance with 
establishment and product standards. 

Under this license you are authorized to manufacture the product Drotrecogin alfa (activated). 
Drotrecogin alfa (activated) is indicated for the reduction of mortality in adult patients with 
severe sepsis (sepsis associated with acute organ dysfunction) who have a high risk of death 
(e.g., as determined by APACHE II). 

Under this authorization, you are approved to manufacture Drotrecogin alfa (activated) drug 
substance at Lonza Biologies, Incorporated in Portsmouth, New Hampshire. Final formulated 
drug product will be manufactured, filled, labeled and packaged at DSM Catalytica 
Pharmaceuticals, Incorporated in Greenville, North Carolina. In accordance with approved 
labeling, your product will bear the proprietary name Xigris and will be marketed in 5 mg and 
20 mg single-use vials. 

The dating period for Drotrecogin alfa (activated) drug product shall be 18 months from the 
date of manufacture when stored at 2* to S^C, The date of manufacture shall be defined as the 
date of final sterile filtration of the formulated drug product. The dating period for drug 
substance shall be 18 months when stored at -35« to -45°C. Results of ongoing stability smdies 
should be submitted throughout the dating period, as they become available, including the 
results of stability studies from the first three production lots. The stability protocols in your 
license application are considered approved for the purpose of extending the expiration dating 
period Of your drug substance and drug product as specified in 21 CFR 601 . 12. 

You are not currently required to submit samples of fumre lots of Drotrecogin alfa (activated) 
to the Center for Biologies Evaluation and Research (CBER) for release by the Director, 
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CBER, under 21 CFR 610 2. FDA will continue to monitor compliance with 21 CFR 610. 1 
requiring assay and release of oiily those lots that meet release specification. 

Any changes in the manufacturing, testing, packaging or labeling of Drotrecogin alfa 
(activated), or in the manufacturing facUities wUl require the submission of mformauon to your 
biologies license application for our review and written approval consistent with 
21 CFR 601.12. 

As of AprU 1 1999, all applications for n^w active ingredients, new dosage forms, new 
indications new routes of administration, and new dosmg regimens are required to contam an 
assessment'of the safety and effectiveness of the product in pediatric patients unless this 
requirement is waived or deferred (63 FR 66632). We note that you have not fulfilled the 
requirements of 21 CFR 601.27. We are deferring submission of your pediatric studies until 
February 28, 2005, based on your commitment outlined in item 15 below. 

We acknowledge your written commitments to provide additional information on ongoing 
studies and to conduct post-marketing studies as described in your letters of October 23, 2001^ 
November 2, 2001, November 8, 2001, November 16, 2001, November 19, 2001, and 
November 20, 2001 as outlmed below: 

Chemistry. Manufacturing, and Controls 

1 The drug substance and drug product specifications will be revised to include purity by 
SDS-PAGE analysis. This information wUl be submitted to the biologies license 
application (BLA) by September 1, 2002. 

2 A sialic acid content specification for release of Drotrecogin alfa (activated) drug 
product, to assure glycosylation remains consistent, will be developed and submitted to 
the BLA by September 1, 2002. 

3. Additional specificity studies regarding the APTT potency test will be submitted to the 
BLA by January 1, 2002. 

4. A revised APTT method utilizing a standard curve comprised of more than two data 
points will be submitted to the BLA by September 1, 2002. 

5. The drug substance release specifications will be re-evaluated and submitted to the BLA 
by May 1.2002. 

6. The drug product release specifications will be re-evaluated and submitted to the BLA 
by February 1, 2004. 
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7 An endotoxin assay with improved sensitivity (0.5 EU/mg or below) for testing of drug 
product will be developed and validated. This assay will be established within the 
Catalytica Quality Control Laboratories and submitted to the BLA by 

December 15, 2001. 

8 A drug product control sample, representing the commercial drug product composition, 
will be established and characterized by December 1, 2001. This control sample wUl 
be used for the RP-HPLC identity/purity assay and the size-exclusion HPLC assay . 
Information regarding the drug product control sample will be submitted to the BLA by 
December 15, 2001. 

9 The IP-RP-HPLC, RP-HPLG, and SE-HPLC purity methods for drug substance, as 
well as the RP-HPLC and SEC-HPLC methods for drug product will be revised to 
require evaluation of the main peak for split peaks or shoulders in comparison to the 
relevant reference standard or control sample. These methods will also be revised to 
include an evaluation of the solvent front (or void volume) to ensure that the response at 
the solvent front/void volume is not significantiy elevated in comparison to that of the 
relevant reference standard or control sample. The revised methods will be ^ 
implemented in the appropriate Quality Control Laboratories by February 1 , 2002. The 
revised methods will be submitted to the BLA by March 1 , 2002 . 

10 The Performance Qualification (PQ) at DSM Catalytica Pharmaceuticals, Incorporated 
for the 20 mg presentation wiU be completed by November 30, 2001 . The temperature 
mapping for the lyophilizer (equipment number 124659) will be completed by 
December 31, 2001. Information will be provided regarding the completion of the 20 
mg PQ and the temperamre mapping of the lyophUizer and will be submitted to the 
BLA by February 1, 2002. 

11 The additional mixing stody to support the five minute mixing time for the bulk drug 
substance with the custom buffer will be completed by November 15. 2001. 

Information will be provided regarding the revised mixing time and will be submitted to 

the BLA by December 15, 2001. 

12 Catalytica is implementing a global plan for the requalification of the HV AC and 
Environmental Monitoring Programs. The requalification of the HV AC and 
Environmental program for the SPO North facility Line 2, where Drotrecogm alfa 
(activated) is produced, will be completed by December 3 1 , 2001 . Information 
regarding the requalification results will be submitted to the BLA by February 1, 2002. 
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Clinical 

13. To submit data from an ongoing study to assess long-term survival outcome. The 
protocol for FIK-MC-EVBI entitled "Long-term follow-up of survivors from the 
PROWESS trial (an observational study)" was submitted to IND 5919 on July 2, 2001. 
Patient follow-up data will be collected by June 15, 2002 and a final study report will 
be submitted by November 15, 2002. Observed initial ICU-stay mortality rates and 
initial hospitalization mortality rates wUl be provided for Drotrecogin alfa (activated) 
and placebo patients. In addition, |Caplan-Meier estimates of 90-day, 180-day, and one- 
year survival for Drotrecogin alfa (activated) patients and placebo patients will be 
included. 

14. To evaluate the efficacy and safety of Drotrecogin alfa (activated) in a smdy of 
approximately 11,350 adult patients with severe sepsis and a lower risk of death (e.g., 
APACHE II score of 24 or less). In addition, this trial will evaluate whether low-dose 
heparin has an effect on the mortality of Drotrecogin alfa (activated) treated patients in 
this patient population. The protocol will include appropriate neurological evaluation of 
patients to detect potential occult neurological events. The final protocol of this study 
wUl be submitted to CHER by May 15, 2002, a minimum of 5000 patients y/il\ be 
enrolled by December 1, 2003, patient accrual will be completed by March i, 2005, 
and a final study report will be submitted to CBER by June 1, 2005. 

15. To evaluate the efficacy and safety of Drotrecogin alfa (activated) in a study of 
approximately 500 pediatric patients with severe sepsis. The protocol will include 
appropriate neurological evaluation of patients to detect potential occult neurological 
events. The final protocol of this smdy will be submitted to CBER by May 15, 2002, 
patient accrual wUl be completed by November 1, 2004, and a final study report will be 
submitted to CBER by February 28, 2005. 

16! To evaluate whether low-dose heparin has an effect on mortality in a smdy of 

approximately 2000 adult patients with severe sepsis who have a high risk of death and 
are receiving Drotrecogin alfa (activated). The protocol will include appropriate 
neurological evaluation of patients to detect potential occult neurological events. The 
final protocol of this study will be submitted to CBER by October 1 , 2002, patient 
accrual will be completed by September 1 , 2004, and a final smdy report wUl be 
submitted to CBER by December 1, 2004. 

17. To develop and evaluate unproved immunogenicity screening assay for detecting 

antibodies of all isotypes to Drotrecogin alfa (activated). The design (with validation 
plan) and the results of your evaluation and validation data for this improved screening 
assay wUl be submitted by November 30, 2001, and April 1, 2002, respectively. 
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18. To provide more complete validation data for the existing level 3 immunogenicity 
neutralizing antibody assay by April 1, 2002. 

19 To analyze, using the improved and validated immunogenicity screening assay, 
archived serum samples on patients from the phase 3 trial (FIK-MC-EVAD) with both 
baseline and post-baseline samples from both placebo and Drotrecogin alfa (activated) 
treatment groups. If antibodies to Drotrecogin alfa (activated) are detected, Lilly wUl 
submit data establishing whether these antibodies neutralize the anticoagulant (APTT) 
activity of activated protein C by the level 3 immunogenicity assay. The results, with 
revised labeling if applicable, will be submitted by August 1, 2002. 

20 To monitor the immunogenicity response to Drofrecogin alfa (activated) treatment in 
patients with severe sepsis post-28 days in the current on-going open-label study FIK- 
MC-EVBF. The addendum for this protocol will be submitted on December 1, 2001. 
The results of the immunogenicity response wUl be submitted as part of the final study 
report in June 2003. 

21 To collect additional samples for immunogenicity testing from ongoing and future 
clinical studies (including the phase 4 study in patients with severe sepsis and a lower 
risk of death (e.g., APACHE II score of 24 or less)). This will include samples from 
the 6-8 week post-exposure window. The number of samples to be collected and 
analyzed will be determined in consultation with the Agency after reviewing the data 
from the re-analysis of the phase 3 trial (FIK-MC-EVAD) samples in August 2002. 

Protocols should be submitted to your IND 5919 with a cross-reference letter to the BLA. 

We also acknowledge your agreement to conduct additional validation sttidies as described in 
your response to the Agency's pre-approval inspectional observations, including: 

22 The Lonza Biologies computer system validation for the Distributed Control System 
will be completed by AprU 30, 2002. You will submit confirmation that this validation 
was successfully completed in your BLA annual report; the data wUl be avaUable for 
review during the next inspection. 

23 Regarding the Smeja 280 stopper washer/sterUizer. Smdy ESPRT-60, "Engineering 
Study for the Thermal Mapping of the Smeja 280 Processor, " will be completed by 
October 31, 2001. 

24 The extractable profile sttidy on a retired set of tubing used to transfer Drotrecogin alfa 
(activated) during the fonnulation and filling operations will be completed after the 
tubing has been used twelve times. The study will be completed by January 31, 2002. 
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25 . A Validation Study will be completed by December 21 , 2001 to document that the 
integrity of the glassware is not compromised by extended exposure in the hot zone. 

For administrative convenience, we request that you provide the completed validation reports 
in your next annual report submitted under 21 CFR 601 .12. 

26. In the event that the Drug Product Solution requires re-filtration, you have agreed that 
the first two resulting final lots wUl be placed on stability and the data wiU be included 
in your annual report submitted unc^r 21 CFR 601 .12. 

It is required that adverse experience reports be submitted in accordance with the adverse 
experience reporting requirements for licensed biological products (21 CFR 600.80) and that 
distribution reports be submitted as described (21 CFR 600.81). All adverse experience 
reports should be prominently identified according to 21 CFR 600.80 and be submitted to the 
Center for Biologies Evaluation and Research, HFM-210, Food and Drug Administration, 
1401 Rockville Pike, Rockville, MD 20852-1448. 

You are required to submit reports of biological product deviations in accordance with ^ 
21 CFR 600.14. All manufacturing deviations, including those associated with processing, 
testing, packing, labeling, storage, holding and distribution, should be prompUy identified and 
investigated. If the deviation involves a distributed product, may affect the safety, purity, or 
potency of the product, and meets the other criteria in the regulation, a report must be 
submitted on Form FDA-3486 to the Director, Office of Compliance and Biologies Quality. 
Center for Biologies Evaluation and Research, HFM-600, 1401 Rockville Pike, Rockville, MD 
20852-1448. 

Please submit aU final printed labeling at the time of use and include implementation 
information on FDA Form 2567. Please provide a PDF-format electronic copy as well as 
original paper copies (ten for circulars and five for other labels). In addition, you may wish to 
submit three draft copies of the proposed mtroductory advertising and promotional labeling 
with an FDA Form 2567 or Form 2253 to the Center for Biologies Evaluation and Research, 
Advertising and Promotional Labeling Branch, HFM-602, 1401 RockvUle Pike, RockvUle. 
MD 20852-1448. Final printed advertising and promotional labeling should be submitted at 
the time of initial dissemination, accompanied by a FDA Form 2567 or Form 2253. 
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All promotional claims must be consistent with and not contrary to approved labeling. No 
comparative promotional claim or claim of superiority over other products should be made 
unless data to support such claims are submitted to and approved by the Center for Biologies 
Evaluation and Research. 



Sincerely yours. 




teven A. Masiello 
Director 

Office of Compliance and 

Biologies Quality 
Center for Biologies 

Evaluation and Research 




Jay P. Siegel, M.D.,FACP 
Director 

Office of Therapeutics 
Research and Review 

Center for Biologies 
Evaluation and Research 
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ABSTRACT 




The present invention is a method of using die BK enhances 
- ^mtnnter to promote transcrip- 

mce. The method of 
ice of the ElA gene 
ic useful substance, 
a number of useful 
I enhancer in tandem 
positioned to drive 
such as protein C, 
X tissue plasminogen 
r con^ses a method 
L enhancer involving 

-pim=v«i** lately iq)stream of the 

eukaryotic promoter used"in~tauaLaem~with the BK enhancer 
to drive expression of a useful substance. Ftitthermore, the 
present invention also comprises a method for coamplifica- 
tion of genes in primate cells. Additionally, the invention 
further con^ses the recombinant human protein C mol- 
ecule produced in 293 cells which con^rises novel glyco- 
sylation patterns. 

4 Claims, 42 Drawing Sheets 
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Figure 2 
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Figure 3 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 10 
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Figure 1 1 
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Figure 13 
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Figure 16 
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Figure 18 
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Figure 19 
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Figure 22 
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METHOD OF USING EUKARYOTIC 
EXPRESSION VECTORS COMPRISING THE 
BK VIRUS 

This applicatioD is a division, of application Ser. No. 
08/208,930 filed Mar. 9, 1994 which is a continuation of 
plication Ser. No. 07/568,700, filed Jun. 20, 1989, now 
abandoned, which is a continuation in part of application 
Ser. No. 07/250,001, filed Sep. 27, 1988, now abandoned, 
which is a continuation in part of application Ser. No. 
07/129,028, filed Dec, 4, 1987, now abandoned, which is a 
continuation in part of application Ser. No. 849,999, filed 
Apr. 9, 1986, now abandoned. 

BACKGROUND OF THE INVENnON 

The present invention concerns a method of using the BK 
enhancer in the presence of an immediate-early gene product 
of a large DNA virus to increase transcription of a recom- 
binant gene in eukaryotic host cells. The BK enhancer is a 
defined segment of DNA that consists of three repeated 
sequences (the prototype BK enhancer is depicted in 
Example 17, below). However, a wide variety of BK 
enhancer variants, not all consisting of three repeated 
sequences, are known in the art and suitable for use in the 
invention. 

The BK enhancer sequence exemplified herein is obtained 
from BK virus, a human papovavinis that was first isolated 
from the urine of an immunosuppressed patient BK virus is 
suspected of causing an un^parent childhood infection and 
is ubiquitous in the human pq>ulation. Although BK virus 
grows optimally in human cells, the virus undergoes an 
abortive cycle in non-primate cells, transforms rodent cells 
in vitro, and induces tumors in hamsters. BK virus is very 
similar to SV40, but the enhancer sequences of the two 
papovaviruses, SV40 and BK, differ substantially in nucle- 
otide sequence. The con4)lete nucleotide sequence of BK 
virus (-5.2 kb) has been disclosed by Seif et al., 1979, Cell 
18:963, and Yang and Wu, 1979, Science 206:456, Prototype 
BK virus is available from the American Type Culture 
Collection (ATCC), 12301 Parklawn Dr., RockviUe, Md. 
20852-1776, under the accession number ATCC VR-837. A 
restriction site and function map of prototype BK virus is 
presented in FIG. 1 of the accompanying drawings. 

Enhancer elements are cis-acting and increase the level of 
transcription of an adjacent gene from its promoter in a 
fashion that is relatively independent of the position and 
orientation of the enhancer element. In fact, Khoury and 
Grass, 1983, CeU 33:313, state that **the remarkable abiHty 
of enhancer sequences to function upstream from, within, or 
downstream from eukaryotic genes distinguishes them from 
classical promoter elements . . . ** and suggest that certain 
experimental results indicate that "enhancers can act over 
considerable distances (perh^s >10 kb)." 

The present invention teaches that unexpected increases 
in transcription result upon positioning the BK enhancer 
immediately upstream of (on the 5' side of) the '^CAAT* 
region of a eukaryotic promoter that is used in tandem with 
the BK enhancer to transcribe a DNA sequence encoding a 
useful substance. The CAAT region or 'Immediate upstream 
region" or "-80 homology sequence" is a cis-acting 
upstream element that is a conserved region of nucleotides 
observed in promoters whose sequences for transcriptional 
activity have been dissected. The CAAT region is found in 
many, but not all, promoters. In other promoters, equivalent 
ds-acting upstream elements are founds including SFl bind- 
ing sites, the octa sequence, nuclear factor 1 binding sites. 
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the API and AP2 homologies, glucocorticoid response 
elements, and heat shock response elements. The CAAT 
region equivalent in the adenovirus major late promoter is 
the upstream transcription factor (UTF) binding site 
5 (approximtate nucleotides -50 to -65 upstream of the CAP 
site). The CAAT sequence mediates the efficiency of tran- 
scription and, with few exceptions, cannot be deleted with- 
out decreasing promoter strength. 
Enhancer elements have been identified in a number of 
10 viruses, including polyoma virus, papilloma virus, 
adenovirus, retrovirus, hepatitis virus, cytomegalovirus, her- 
pes virus, papovaviruses, such as simian virus 40 (SV40) 
and BK, and in many non-viral genes, such as within mouse 
immunoglobulin gene introns. Enhancer elements may also 
15 be present in a wide variety of other organisms. Host cells 
often react diflFerentiy to difiFerent enhancer elements. This 
cellular specificity indicates that host gene products interact 
with the enhancer element during gene expression. 

Enhancer elements can also interact with viral gene 
^ products present in the host cell. Velcich and ZifF, 1983, Cell 
40:705; BorreUi et aL, 1984, Nature 312:608; and Hen et al., 
1985, Science 230:1391, disclose that the adenovirus-2 early 
region lA (ElA) gene products repress activation of tran- 
scription induced by toe SV40, polyoma virus, mouse 
immunoglobulin gene and adenovirus-2 ElA enhancers. 
Eukaryotic expression vectors that utilized enhancers to 
increase transcrq)tion of recombinant genes consequentiy 
were not expected to work better than vectors without 
^ enhancers in ElA-containing host cells. In striking contrast 
to the prior art methods of using enhancers, the present 
method for using the BK virus enhancer element involves 
using the ElA gene product or a similar immediate-early 
gene product of a large DNA virus to maximize gene 
expression. Thus, the present invention teaches that the 
ability of the BK enhancer to promote transcription of DNA 
is inaeased in the presence of the ElA gene product of any 
adenovirus. 

The ElA gene product (actually, the ElA gene produces 
^ two products, which are collectively referred to herein as 
•the ElA gene product") is an immediate-early gene product 
of adenovirus, a large DNA viras. The present invention 
encoixipasses the use of any immediate-early gene product of 
a large DNA virus that functions similarly to the ElA gene 
product to increase the activity of the BK enhancer. The 
herpes simplex virus ICP4 protein, described by DeLuca et 
al., 1985, Mol. Cell. Biol. 5: 1997-2008, the pseudorabies 
virus IE protein, described by Feldman et aL, 1982 P.N.A.S. 
79:4952-4956, and the ElB protein of adenovirus are all 
.Q immediate-early gene products of large DNA viruses that 
have functions similar to the ElA protein. Therefore, the 
method of the present invention includes the use of the ICP4, 
IE, or ElB proteins, either in the presence or absence of ElA 
protein, to increase the activity of the BK enhancer. 

^ SUMMARY OF THE INVENTION 

The present invention concerns a method of using the BK 
virus enhancer in the presence of an immediate-early gene 
product of a large DNA virus, such as the EIA gene product 

60 of adenovirus, for purposes of increasing transcription and 
expression of recombinant genes in eukaryotic host cells. 
Another significant aspect of the present invention relates to 
a variety of expression vectors that utilize the BK enhancer 
sequence in tandem with a eukaryotic promoter, such as the 

65 adenovirus late promoter (MLP), to drive expression of 
useful products in eukaryotic host cells. Many of these 
expression vectors comprise a BK enhancer-adenovinis late 
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promoter cassette, whidi can be readily transfened to other 
vectors for use in the present method. The versatility of the 
present expression vectors is demonstrated by the high-level 
expression driven by these vectors of such diverse proteins 
as chloran^henicol acetyltransferase, protein C, tissue plas- 
minogen activator, and modified tissue plasminogen activa- 
tor. 

In the construction of certain vectors of the invention, the 
BK enhancer and SV40 enhancer were placed in tandem at 
the front (5') end of the MLP, itself positioned to drive 
expression of a recombinant gene on a recombinant DNA 
expression vector. This tandem placement yielded unexpect- 
edly higher levels of expression in cells that did not express 
the immediate-early gene product of a large DNA virus. 
Consequently, a further aspect of the invention is a method 
of producing a gene product in a recombinant host cell that 
comprises transforming the host cell with a recombinant 
DNA vector that comprises two different enhancers placed at 
the 5' end of the coding sequence for the gene product and 
culturing the transformed cell under conditions that allow 
for gene expression. 

The practice of the invention to express human protein C 
in adenovirus-transformed cells led to the discovery that 
such cells are especially jH'efeiTed hosts for the production of 
7-caiboxylated proteins. Consequently, a further aspect of 
the invention con^)rises a method for making y-caiboxylated 
proteins. 

Yet another important aspect of the present invention 
concerns a method of increasing the activity of the BK 
enhancer relative to an adjacent eukaryotic promoter and is 
illustrated using the BK enhancer-adenovirus-2 late pro- 
moter cassette. These derivatives were constructed by enzy- 
matic treatment that positioned the BK enhancer very dose 
to the CAAT region of the adenovinis-2 late promoter. 
Dramatic increases in expression levels, as compared with 
constructions that lack this positioning, were observed when 
these modified BK enhancer-adenovirus late promoter 
sequences were incorporated into expression vectors and 
then used to drive expression of useful gene products in 
eukaryotic host cells. Thus, the present invention provides a 
method for increasing the activity of the BK enhancer 
relative to an adjacent eukaryotic promoter that comprises 
positioning the enhancer iminediately upstream, within 0 to 
about 300 nucleotides, of the 5' end of the CAAT region or 
CAAT region equivalent of the eukaryotic promoter. 

Yet another aspect of the invention results from attcrapts 
to increase expression of recombinant products encoded on 
the vectors described herein by inccnporation of portions of 
the tripartite leader sequence of adenovirus into those 
expression vectors. Significant increases in expression result 
when the first part of the tripartite leader of adenovirus is 
encoded into a recombinant DNA expression vector, and 
such expression can be further increased in some situations 
by action of the VA gene product of adenovirus. 

An additional aspect of the present invention concerns a 
method of amplification of genes in primate cells. The most 
widely used method for gene aiiq)lification employs the 
murine dihydrofolate reductase gene for selection and 
amplification in a dhfr deficient cell line. Human polypep- 
tides often require post-translational modifications which 
occur most efficiently in primate cells, yet most primate cells 
cannot be directly selected or amplified using only the dhfr 
system The present invention provides a method wherein 
the primate cells are first isolated using a directly selectable 
marker, then amplified using the dhfr system, tiiereby sig- 
nificantly inaeaslng the expression levels from primate 
cells. 
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Another aspect of the present invention concerns novel 
rccombinantly produced human protein C molecules which 
contain glycosylation patterns totally unlike the human 
protein C molecules daived from plasma. The novel recom- 
5 binantly produced protein C molecules display functional 
activities which are quite different than plasma-derived 
human protein C. F^iidieimore, the recombinant human 
protein C molecules derived from 293 cells contain fewer 
sialic acid residues than the plasma-derived human protein 

10 C- 

For purposes of the present invention, the following tenns 
arc as defined below. 

Antibiotic — a substance produced by a micro-oiganism 
that, either naturally or with limited chemical modification, 
X5 will inhibit the growth of or kill another microorganism or 
eukaryotic cell. 

Antibiotic Resistance-Conferring Gene — a DNA segment 
that encodes an activity that confers resistance to an antibi- 
otic. 

20 ApR— the ampidlHn-resistant phenotype or gene confer- 
ring same. 

Cloning — the process of incorporating a segment of DNA 
into a recombinant DNA cloning vector. 

CmR — the chloranq^enicol-resistant phenotype or gene 
^ conferring same. 

dhfr— <lihydrofolate reductase. 

cp — a DNA segment comprising the SV40 early promoter 
of the T-antigen gene, the T-antigen binding sites, and the 
SV40 origin of replication. 

Eukaryotic promoter— any DNA sequence that functions 
as a promoter in eukaryotic cells. 

HmR — the hygromycin-resistant phenotype or gene con- 
ferring same. 

35 TVS — DNA encoding an intron, also called an intervening 
sequence. 

Large DNA virus — a virus that infects eukaryotic cells 
and has a genome greater than -10 kb in size, Le., any of the 
pox viruses, adenoviruses, and herpes viruses. 
40 MLP — the major late promoter of adenovirus, which is 
also referred to herein as the late promoter of adenovirus. 

NeoR — ^the neomycin resistance-conferring gene, which 
can also be used to confer G418 resistance in eukaryotic host 
cells. 

45 ori — a plasmid origin of replication. 

pA — a DNA sequence encoding a polyadenylation signal. 
Promoter — a DNA sequence that directs transcription of 
DNA into RNA. 

Recombinant DNA Cloning Vector — any autonomously 
^ replicating or integrating agent that con^rises a DNA mol- 
ecule to which one or more additional DNA segments can be 
or have been added. 

Recombinant DNA Expression Vector — any recombinant 
DNA cloning vector comprising a promoter and associated 
^ insertion site, into which a DNA molecule that encodes a 
useful product can be inserted and expressed. 

Recombinant DNA Vector — any recombinant DNA clon- 
ing or expression vector. 
gQ Replicon — any DNA sequence that controls the rq>lica- 
tion of a recombinant DNA vector. 

Restriction Fragment — any linear DNA generated by the 
action of one or more restriction enzymes. 
rRNA — ribosomal ribonucleic acid. 
65 Sensitive Host Cell— a host cell that cannot grow in the 
presence of a given antibiotic or other toxic conopound 
without a DNA segment that confers resistance thereto. 
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Structoral Gene— any DNA sequence that encodes a DETAILED DESCRIPTION OF THE 

polypeptide, inclusive of that DNA encoding the start and INVENTION 

stop codons. jjjg present invention concerns an inqjroved method for 

Structural Polypeptide — any useful polypeptide, producing a useful substance in a cukaiyotic host cell 

including, but not limited to, human protein C, tissue plas- 5 wherein said cell is transfomcd with a recombinant DNA 

minogen activator, insulin, thrombomodulin, factor Va or vector that conqiriscs a eukaryotic promoter, a BK enhancer 

factor Vma. positioned to stimulate said promoter, and a DNA sequence. 

TcR— tiie tetracycline-iesistant pgene type or gene con- encodes said useful substance, said sequence being 

fening same. positioned for expression from said promoter, and wherein 

^ ^ . . * u * 11 *t * 1. -f 10 said cell containing said vector is cultured under conditions 

traSS^ leapient host cell tiiat has undergone suitable for expreslon of said useful substance, wherein the 

^ ^ ; . improvement comi^ises: (a) providing said cell with a DNA 

Transformation^-the introduction of DNA into a recq)ient sequence that codes for tiie expression of an immediate- 
host cell. early gene fffoduct of a large DNA virus; and (b) culluring 

tRNA — transfer ribonucleic acid. ^ ^ said cell of step a) under conditions suitable for expressing 

said gene product and stimulating the activity of said 

BRIEF DESCRIPTION OF THE FIGURES enhancer. Those skilled in the art recognize that many 

FIG. 1 is a restriction site and function map of BK virus. established cell lines express an immediate-early gene prod- 

HG. 2 is a restriction site and function map of plasmid ,f ^1 P?^t J"^ 

dBKEI limp ui pittsmiu especially useful in the present metiiod. Thus, the jH-esent 

*^ * . _ ^ invention also comprises an improved method for producing 

FIG. 3 is a restriction site and function map of plasmid a useful substance in a eukaryotic host cell wherein said ceU 

pBKneol. is transfonned with a recombinant DNA vector that com- 

FIG. 4 is a restriction site and function map of plasmid prises a eukaiyotic promoter, a BK enhancer positioned to 

pSV2cat stimulate said promoter, and a DNA sequence that encodes 

HG. 5 is a restriction site and function map of plasmid ^ ^^^^ substance, said sequence being positioned for 

pLPcat. expression from said promoter, and wherein said cell con- 

\c ;c = ni*^ ««h f,,^^ i « -a taining said vector is cultured under conditions suitable for 

HG 6 IS a restnction site and function map of plasmid expression of said useful substance, wherein the improve- 

p ixat. ... ment comprises: (a) inserting said vector into a eukaryotic 

FIG. 7 is a restriction site and function map of plasmid 30 host cell that expresses an immediate-eariy gene product of 

P^Kcat* a large DNA virus, and (b) culturing said cell of step a) under 

HG. 8 is a restriction site and function m^ of plasmid conditions suitable for expressing said gene product and 

pSBLcat stimulating the activity of said enhancer. 

HG. 9 d^icts the construction and presents a restriction An i^^x)rtant aspect of the present invention is the novel 

site and function m^ of plasmid pL133. 35 group of expression vectors that comprise the BK enhancer 

HG. 10 is a restriction site and function map of plasmid sequence in tandem with tiie adenovirus-2 late promoter. 

pLPC. The expression vectors of the present invention were con- 

HG. 11 is a restriction site and function map of plasmid tiiat DNA molecules encoding useful products 

pLPC4 ^ readily inserted into the vectors in the 

HG.U is arestriction site andfimctionnBv of plasmid * T"*"' "PJf'^?''- F^ermore the BK 

pSV2hyc enhancer sequence and eukaryotic promoter have been con- 

iTT^ 74 • ^ ^ . structed to form a "cassette," which can be isolated from the 

F^. 13 is a restnction site and function map of plasmid expression vectors on a relatively small restriction fragment 

P^^y^' ^ The cassette can be readily shuttied between a variety of 

HG. 14, parts 1-3 depict the construction and presents a 45 expression vectors. The expression vectors specifically 

restriction site and function map of plasmid pBW32. exenq)imed herein utilize tiie adenoYinis-2 or BK late 

HG. 15 is a restriction site and function map of plasmid promoter in the BK enhancer-eukaryotic promoter cassette 

pLPChdl. tiiat drives transcription in the method of the present inven- 

HG. 16 is a restriction site and function map of plasmid ^on. 

phd. 50 Although BK virus (ATCC VR-837) can be purchased or 

HG. 17 is a restriction site and function m^ of plasmid readily isolated in large quantities as described in Example 

pLPCElA. 1, it is also convenient to clone the BK viral DNA onto a 

HG. 18 is a restriction site and function map of plasmid P^^smid cloning vector and use tiie recombinant vector as a 

pBLT source of BK viral DNA sequences. Conscquentiy, BK viral 

HG. 19 is a restriction site and function map of plasmid P^^ restriction enzyme EcoRI, which, 

pBLThygl presence of only one EcoRI site on the BK 

PIG. 20 is a restriction site and function map of pJasmid f "T^,' f ^"t^ ^\ F"^' P?"*"?! P^Cf 

oBLTdhfrl (available fromBcthesda Research Laboratories (BRL), P.O. 

T7TO ->! V Ai: ^ ^ t ^f^' Gaithersburg, Md. 20877) was likewise digested 

JU.;«t^'^"^^^^^^'^^^^^""*^^'''°^^P^^ 60 and linearized witii restriction enzyme EcoRI, and the 

P*^™;, . . . , EcoRI-cut plasmid pUC8 DNA was ligated to tiie EcoRI-cut 

HG. 22 is a restnction site and functi<m m^ of plasmid bK viral DNA to form plasmids pBKEl and pBKE2, which 

pTPA603. Qoly respect to tiie orientation of tiie BK viral 

HG. 23 is a restriction site and function map of plasmid DNA. A restriction site and function map of plasmid pBKEl 

phdTPA. 55 is presented in HG. 2 of the accompanying drawings. The 

HG. 24 is a restriction site and function map of plasmid construction of plasmids pBKEl andpBKE2 is described in 

I^dNfTPA Example 2. 
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The BK viral genome has also been combined with a invention. This cassette is an -870 bp HindHI restriction 

portion of plasmid pdBFV-MMTneo to construct plasmids fragment that can be conveniently inserted into a eukaryotic 

pBKneol and pBKneo2. Plasmid pdBFV-MMTneo, about expression vector to increase expression of a product 

15 kb in size and available from the ATCC under the encoded by that vector. This was done by digesting plasmid 

accession number ATCC 37224, con^rises the replicon and 5 pSV2cat with restriction enzyme Hindin and inserting the 

P-lactamase gene from plasmid pBR322, the mouse metal- BK enhancer-adenovirus late promoter cassette. The result- 

lothionein promoter positioned to drive expression of a ant plasmid, designated as plasmid pSBLcat, contains the 

structural gene that encodes a neomycin resistance- SV40originof replication, SV40 early promoter, and SV40 

confeiring enzyme, and about 8 kb of bovine papilloma enhances and therefore differs fix)m plasmid pBLcat in 

virus (BPV) DNA. Plasmid pdBPV-MMTneo can be which those sequences have been deleted. The tandem SV40 

digested with restriction enzyme BamHI to generate two enhancer-BK enhancer-adenovirus major late promoter 

fragments: the ~8 kb fragment that comprises the BPV DNA (SBLpromoter) cassette can be excised from plasmid pSBl^ 

and an -7 fragrant that comfMises the othCT sequences cat on a PvuE restriction enzyme fragment, which can be 

descnbed above. BK vmis has only one BamHI restnction „„„,^„:^«fi„ i^^^^ o«,r*o^T«K;«««i. nxr a ^^^^ei^^ 

, - - . W.V ^ . .J conveniently inserted into any recombinant DNA expression 

site, and plasnuds pBKneo 1 and pBKneo2 were constructed 

by ligating the -7 Id) BamHI restriction fragment of plasmid . _ . . . 

pdBPV-M\frneo to BamHI-lineaiized BK vims DNA. The Plasmid pSBLcat dnves expression of CAT to higher 

construction of plasmids pBKncol and pBKneo2, which l^^vels than does plasnud pBLcat, so long as no ElA gene 

differ only with respect to the orientation of the BK virus product is present This increased e^fttession in the absence 

DNA, is described in Example 3, and a restriction site and of EIA gene product indicates that the two enhancers, one 

function map ofplasmidpBKneol is presented in FIG. 3 of 20 from SV40 and tfie other from BK, have an additive, 

the accompanying drawings. enhancing effect on transcription from nearby promoters. To 

Plasmids pBKEl,pBKE2,pBKneol, and pBKneo2 each assess the strength and utiHty of the SBL promoter, the 
comprise the entire genome of the BK virus, including the chloramphenicol acetyltransfcrase (CAT) expression vector, 
enhancer sequence, and thus serve as useful starting mate- pSBI^CAT, was transfected vector into a variety of mam- 
rials for the expression vectors of the present invention. One 25 malian host cells, and the level of CAT activity was mea- 
such illustrative expression vector, plasmid pBLcat, com- sured 48 to 72 hours later as described by Gorman, et al., 
prises the BK enhancer sequence in tandem with the human 1932, Mol. CelL BioL 2:1044-1051. The level of CAT 
adenovirus-type-2 late promoter positioned to drive expres- activity obtained from pS V2-CAr, in which the CAT gene is 
sion of the chloramphenicol acetyltransfcrase enzyme driven by the strong SV40 early promoter, was' used for 
(CAT). Plasmid pSV2cat serves as a convenient source of 3^ comparative purposes. Hie SBL promoter was 3 to 6 fold 
the CAT gene and can be obtained from the ATCC under the stronger than the SV40 early promoter in the following cell 
accession number ATCC 37155. A restriction site andfunc- lines: BHK-21, HcLa, MK2, COS-1, 293, CHO (all avail- 
tion map of plasmid pSV2cat is presented in FIG. 4 of the able from the American Type Culture collection), P3UCLA 
accompanying drawings. Human adenovirus-type-2 DNA is (Varki et al., 1984, Cancer Res. 44:681-687), K816 
commercially available and can also be obtained from the 35 (GrinncU et aL, 1986, Md. Cell. Biol. 6:3596-3605), and an 
ATCC under the accession number ATCC VR-2. adenovirus-transfoimed Syrian hamster tumor line, AV12, 

Illustrative plasmid pBLcat was constructed by ligating described below. In primary human embryonic kidney cells 

the -0 J2 kb late-promoter-containing Acd-PvuII restriction and liver cells, CAT activity was detected after transfection 

fragment of human adenovims-type-2 DNA to blunt-ended with pSBL-CAT, but not with pSV2-CAr. Although efficient 

BcU linkers that attached only to the PvuII end of the 40 expression from the ML? could be obtained with either the 

AccI-PvuII restriction fragment The resulting fragment was BK (pBI^CAT) or SV40 enhancer (pSI^CAT, a plasmid that 

then ligatedtothe -4.51 kbAcd-StuI restriction fragment of is analogous to plasmid pSV2-<;:Ar, except that the SV40 

plasmid pSV2cat to yield intermediate plasmid pLPcat, for early promoter is replaced with the adenovirus 2 major late 

whidi a restriction site and function map is presented in FIG. promoter, described by Grinnell et al., 1986, MoL Cell. Biol. 

5 of the accompanying drawings. The desired plasmid 45 6:3596-3605), these single enhancer constructions did not 

pBLcat was constructed from plasmid pLPcat by ligating the function efBciently in all cells. For example, pS V2-CAr was 

origin of replication and enhancer-containing, -1.28 kb 3 fold stronger than pSL-CAT in 293 cells and 10 fold 

Accl-Pvun restriction fragment of BK virus DNA to the stronger than pBL-CAT in HeLa cells. Thus, the use of 

"4.81 kb Acd-StuI restriction fragment of plasmid pLPcat tandem enhancer sequences upstream of a eukaryotic pro- 

A restriction site and function m^ of the resultant plasmid 50 motcr results in a strong and versatile promoter that displays 

pBLcat is presented in FIG. 6 of the accompanying draw- littie host cell dependence, and therefore can be used for the 

ings. The construction of plasmid pBLcat is further efficient expression of genes in a wide variety of mammalian 

described in Example 4. cells. 

Plasmid pBKcat is an expression vector that further However, in the presence of EIA gene product, plasmid 

exempMes the present invention and utilizes the BK 55 pBLcat drives expression of CAT to Wgher levels than does 

enhancer and BK late promoter to drive expression of plasmid pSBLcat, presumably because the SV40 enhancer is 

chloranii^enicol acetyltransfcrase. Plasmid pBKcat was inhibited by the EIA gene product Conversely, in HeLa 

constructed in a manner analogous to that described for cells, the SV40 enhancer stimulated transcription from the 

plasmid pLPcat Thus, the -4.51 kb Acd-StuI restriction adenovirus 2 major late promoter (Ad2MLP) 26 fold, but the 

fragment of plasmid pSV2cat was ligated to the -1.28 kb eo BK enhancer only stimulated transcription from Ad2MLP 

AccI-PvuE restriction fragment of BK virus such that the I.5 fold in HeLa cells. Because the basal level of BK activity 

BK late promoter is in the correct orientation to drive in HeLa cells is so low, stimulation of that activity with the 

expression of the CAT gene. A restriction site and function unmediate-early gene product of a large DNA virus, such as 

m^ of plasmid pBKcat is presented in FIG. 7 of the EIA protein, stiU does not result in optimal expression 

accompanying drawings. 65 levels. This low level activity of the BK enhancer in HeLa 

Plasmid pBLcat is a convenient source of the BK cells is thought to be due to a repressor activity present in 
enhancer-adenovirus late promoter "cassette" of the present HeLa cells that interacts with the BK enhancer. This repres- 



5,681,932 

9 10 

SOT activity in HcLa cdls can be titrated out by introducing cell's chromosomal DNA. Apparently due to the similar 

niore.cq)ics of the BK enhancer into the HeLa cell. In fact, structure-function relationships between the BKand SV40T 

in the HeLa cell line, ElA may increase the level of the antigens and their respective binding sites, BK replication is 

repressor. However, optimal expression levels can be also stimulated by SV40 T antigen. To construct a derivative 

obtained in HeLa cells using the tandem SV40 enhancer BK 5 of plasmid pLPC that can exist as a stably-maintained 

enhancer of the invention. This tandem enhancer tlius has element in a transformed eukaiyotic cell, the entire BK 

the advanuge of avoiding cell-specific negative interactions genome, as an EcoRI-linearized restriction fragment, was 

th^ may be encountered, as in HeLa ccUs, in some host inserted into the single EooRI restriction site of plasmid 

cells. Arcstnction site and function m^ of plasmid pSBLcat pLPC This insertion produced two plasmids, designated 

IS presented m FIG. 8 of the accompanying drawings, and pLPC4 and pLPC5, which differ only with respect to the 

ttic construction of plasmid pSBLcat is described in orientation of the BK EcoRI fragment A restriction site and 

Exaiiq>le 5. function map of plasmid pLPC4 is presented in FIG. 11 of 

The BK enhancer-adenovirus late promoter cassette has the accompanying drawings, and the construction of plas- 
also been used to improve expression of human protein C mids pLPC4 and pLPC5 is furdicr described in Exan^le 8. 
niis was done by ligating the cassette into plasmid pL133, ^5 Episomal maintenance of a recombinant DNA expression 
a plasimd disclosed and claimed in U.S. patent application vecto* is not always prefetrcd over integration into the host 
Sex. No. 699,967, filed Feb. 8, 1985, incorporated herein by cell chromosome. Howcvct, due to the absence of a select- 
reference. A restriction site and function map of plasmid able marker that functions in eukaryotic cells, the identifi- 
pL133 IS presented in FIG. 9 of the accompanying drawings. cation of stable, eulcaryotic transformants of plasmid pLPC 
Plasmid pL133, the construction of which is given in 20 is .diflScult, unless plasmid pLPC is cotransformed with 
Exair5>lc 6, was digested with restriction enzyme Hindm another plasmid that does comprise a selectable marker, 
and then hgated to the ^.87 kb Hindm restriction fragment Consequently, plasmid pLPC has been modified to produce 
of plasimd pBLcat to yield plasmid pLPC. Arestriction site derivative plasmids that are selectable in eukaryotic host 
and function map of plasmid pLPC is presented in FIG. 10 cells 

^^8^' ^djh^ consdiiction of ^ ridswas done by ligating plasmid pLPC to a portion of 

plasimd pLPC is further described in Example 7. ^Usj^^ psv2hyg, a plasmid that comprises a hy^omycin 

Plasmid pLPC, like plasimd pL133, comprises the resistance-conferring gene. A restriction site and function 

enhancer, early and late promoters, T-antigen-binding sites, map of plasmid pSV2hyg, which can be obtained fix)m the 

andongin of replication of SV40. Thus, use of plasmid Northern Regional Researdi Laboratory (NRRL), Peoria, 

pLPC and derivatives thereof in any recombinant host cells 30 DL 61640, under the accession number NRRL B-18039, is 

IS illustrative of the tandem enhancer expression method of presented in FIG. 12 of the accon^)anying drawings. Plas- 

the invention. Plasmid pLPC served as a useful starting mid pSV2hyg was digested with restriction enzyme BamHI, 

materul for many vectors of the invention, including plas- and the -2.5 kb BamHI restriction fragment, which com- 

mid pSBL. Hasmid pSBL was constructed by deleting the prfses the entire hygromycin resistance-conferring gene, was 

protein C-encoding DNA on plasmid pLPC This deletion 33 isolated, treated with Klenow enzyme (the large fragment 

merely requires excision of plasmid pLPC's single Bdl produced upon subtiUsin cleavage of E. coli DNApolymcr- 

restnction fragment by digestion with Bdl and self-Hgation. ass I), and then Hgated to the Klenow-trcatcd, -5.82 kb 

The resulting plasmid pSBL serves as a convenient expres- Ndel-StuI restriction fragment of plasmid pLPC to yield 

sion vector for use m the tandem enhancer method of the plasmids pLPChygl and pLPChyg2. Plasmids pLPChygl 

invention, for coding sequences of interest can be readily 40 andpLPChygZ differ only with respect to the orientation of 

"^"^ JrJ^V''^^ remaining BcU site. the hygromycin resistance-conferring fragment A restric- 

TheSV40 elements present on plasmid pLPC are situated tion site and function map of plasmid pLPChygl is prc- 

dosdy together and difficult to dcUneate. The binding of T sented in HG. 13 of the accon^)anying drawings, and the 

antigen to the T-antigen-binding sites, whidi is necessary for construction protocol for plasmids pLPChygl and 

SV40 replication, is known to enhance transcription from 45 pLPChyg2 is described in Example 9. 

the Sy40 kte promoter and suri^singly has a similar effect Plasmids pLPChygl and pLPChyg2 can be readily modi- 

on the BK late promoter. Because the high level of fied to contain the BK virus genome. As stated above, 

T-an^gcn^vcn replication of a plasmid that comprises the expression of BK T-antigen in a host ceU containing a 

SV40 origin of repUcaUon is generally lethal to the host cell, plasmid comprising the BKT-antigen binding sites inaeases 

neither plasmid pUPC ncr plasmid pL133 are stably main- 50 the copy number of the plasmid. If the plasmid also com- 

tamed as episomal (extrachromosomal) elements in the prises a selectable marker, selection after T-antigen stimu- 

presence of SV40 T antigen, but rather, the two i^asmids lated rqilication wiU result in integration of more copies of 

must integrate into the chromosomal DNA of the host cell to the plasmid into the host^s genomic DNA than would occur 

be stably maintamed, in the absence of T-antigen stimulated replication. Plasmids 

ITic overall structure of the BK enhancer region is quite 55 pLPChygl and pLPChyg2 each comprise two EcoRI sites, 

similar to that of SV40, for the BK enhancer, origin of one in the HmR gene and the other in the pBR322-dcrived 

replication, early and late promoters, and the BK analogue sequences of the plasmid. Plasmid pLPChygl was partiaUy 

of the T-antigen-binding sites are all closely situated and digested with EcoRI to obtain cleavage only at the pBR322- 

difficult to delineate on the BK viral DNA. However, when derived EcoRI site and then ligated with EcoRI-digested BK 

jgrown in the presence of BK T antigen, a plasmid that 60 virus DNA to yield plasmids pLPChTl and pLPChT2, 

comprises the BK origin of replication and T-antigen- which differ only with respect to the orientation of the BK 

binding sites does notrepUcate to an extent that proves lethal virus DNA. Plasmids pLPChTl and pLPChT2 are useful 

and is stably maintained as an episomal element in the host derivatives of plasmid pLPChygl (and analogous construc- 

ccll. In addition, the T-antigen-driven replication can be used tions can be made using plasmid pLPChyg2 as starting 

to iiicrease die copy number of a vector comprising the BK 65 material instead of pLPChygl) for purposes of integrating 

origin of replication so that when selective pressure is highnumbersof copies of a protein C expression vector into 

^lied more copies of the plasmid integrate into die host the genome of a eukaryotic host celL 



5,681,932 

11 12 

Human protein C expression plasmids similar to plasmids A variety of expression vectors of the present invention 
pLPChygl and pLPChyg2 containing the dihydrofolate utilize the BKenhancer-adenovirus late promoter cassette to 
reductase (dhfr) gene were constructed by inserting tiie dhfr drive expression of tissue plasminogen activator (TPA) or 
gene-containing, Klenow-treated -1.9 kb BamHI restriction modified TPA (MTPA). To construct such vectors, plasmid 
fragment of plasmid pBW32 into the -5.82 kb Ndd-StuI 5 pBW32 (FIG. 14) was digested with restriction enzyme 
restriction fragment of plasmid pLPC. The resulting BamHI, and the resultant -5.6 Kb fragment was redrcular- 
plasmids, designated as pLPCdhfrl and pLPCdhfi2, differ ized to yield plasmid pBW32del. Plasmid pBW32del, which 
only with respect to the orientation of tiie dhfr gene. The encodes modiiiedTPA and contains only one HindTTTrestric- 
construction of these plasmids is described in Example 1 IB. tion site, was digested with Hindm and then ligated with the 

Plasmid pLPChygl was further modified to introduce a -0.65 kbHindlllrestriction fragment of plasmid pBalScat to 
dihydrofolate reductase (dhfr) gene. The dhfr gene is a yield plasmid pBLT. Plasmid pBalScat comprises an 
selectable marker in dhfr-negative cells and can be used to inqsoved BK enhancer-adenovirus late promoter cassette 
increase the copy number of a DNA segment by exposing and is described in Example 17. A restriction site and 
the host cell to increasing levels of methotrexate. The dhfr function m^ of plasmid pBLT is presented in FIG. 18 of the 
gene can be obtained from plasmid pBW32, a plasmid ^5 accompanying drawings, and the construction protocol for 
disclosed and claimed in U.S. patent application Ser. No. plasmid pBLT is described in Example 14. 
769,298, filed Aug. 26, 1985, and incorporated herein by Selectable markers were introduced into BamHI-digested 
reference. A restriction site and function map of plasmid plasmid pBLT. In one construction, the hygromycin resis- 
pBW32 is presented in FIG. 14 of the accompanying draw- tancc gene-containing, -2.5 kb BamHI restriction fragment 
ings. The construction j^otocol for plasmid pBW32 is 20 of plasmid pSV2hyg was inserted to yield plasmids 
described in Exan^le 10. pBLItiygl and pBLThyg2, and in another construction^ the 

The dhfr gene-oontaining, -1.9 kb BamHI restriction dhfr gene-containing -1.9 kb BamHI restriction fragment of 
fragment of plasmid pBW32 was isolated, treated with plasmid pBW32 was inserted to yield plasmids pBLTdhfrl 
Klcnow enzyme, and inserted into partially-EcoRI-digested and pBLTdhfr2. The four plasmids, pBLThy gl , pBLrhyg2, 
plasmid pLPChygl to yield plasmids pLPChdl and 25 pBLTdhfrl, and pBLTdhft2, differ only with respect to the 
pLPChd2. Plasmid pLPChygl contains two EcoRI restric- type and/or orientation of the selectable marker. Arestriction 
tion enzyme recognition sites, one in the hygromycin site and function map of each of plasmids pBLThygl and 
resistance-conferring gene and one in the plasmid pBR322- pBLTdhfrl is respectively presented in FIGS. 19 and 20 of 
derived sequences. The fragment comprising the dhfr gene the accon^janying drawings. The construction protocol for 
was inserted into the EcoRl site located in the pBR322- 30 plasmids pBLThygl, pBLThyg2, pBLTdhfrl, and pBLT- 
dcrived sequences of plasmid pLPChygl to yield plasmids dhfr2 is described in Example 15. 
pLPChdl and pLPChd2. A restriction site and fimction map Other expression vectors of the present invention that 
of plasmid pLPChdl is presented in FIG. 15 of the accom- drive expression of TPA or modified TPA were derived from 
panying drawings. The construction of plasmids pLPChdl plasmid pTPA103, an intermediate used in the construction 
and pLPChd2, which differ only with respect to the orien- 35 of plasmid pBW32. The construction protocol for plasmid 
tation of the dhfr gene-containing DNA segment, is pTPA103 is described in Example 10, and a restriction site 
described in Exan4>le 11. and function map of plasmid pTPA103 is presented in FIG. 

Plasmid pLPChdl was modified to form plasmid phd, a 14 of the accompanying drawings. To construct these 
plasmid that contains both the present BK enhancer- derivatives, a BamHI restriction site was introduced imme- 
adenovirus late promoter cassette and also the hygromycin 40 diately before the 5' end of the TPA coding region of plasmid 
resistance-conferring and dhfr genes. To construct plasmid pTPA103. Plasmid pTPA103 was digested with restriction 
phd, plasmid pLPChdl was prepared from dam" E. colt host enzyme Hgal to isolate the -0.52 kb Hgal restriction frag- 
cells, digested with restriction enzyme Bell, and ment that comprises the 5' end of the TPA coding region, 
recircularized, thus deleting the human protein C-encoding After Klenow treatment, the Hgal fragment was ligated to 
DNA. Plasmid i^d contains a single Bell restriction enzyme 45 BamHI linkers, digested with restriction enzyme BamHI, 
recognition site, which is conveniently positioned for the and inserted into BamHI-digested plasmid pBR322 to form . 
insertion of any sequence desired to be expressed from the plasmids pTPA601 and pTPA602. A restriction site and 
BK enhancer-adenovirus late promoter of the present inven- function map of plasmid pTPA602, which differs from 
tion. A restriction site and function map of plasmid j^d is plasmid pTPA601 only with respect to the orientation of the 
presented in FIG. 16 of the accompanying drawings, and the 50 inserted BamHI restriction fragment, is presented in FIG* 21 
construction protocol for plasmid phd is described in of the accompanying drawings. 

Example 12. Next, plasmid pTPA602 was digested with restriction 

Another expression vector that further exemplifies the enzymes Bgjn and SaH, and the resultant -4.2 kb BgUI-Sall 
present invention and drives expression of human protein C restriction fragment was ligated to the -2.05 kb SaU-Bgin 
is plasmid pLPCElA. Plasmid pLPCElA contains the El A 55 restriction fragment of plasmid pTPA103 to form plasmid 
geneofhumanadcnovinistype2,thegcneproductofwhich, pTPA603. Plasmid pTPA603 thus contains the conq)lete 
as described above, increases the activity of the BK coding sequence for TPA bounded by a BamHI restriction 
enhancer. Thus, transcription from a promoter in tandem site on both ends. A restriction site and function vasp of 
with the BK enhancer increases in the presence of the ElA plasmid pTPA603 is presented in FIG. 22 of the accon^ja- 
gene product Plasmid pLPCElA was constructed by ligat- 60 nying drawings. To construct a plasmid that is analogous to 
ing the ElA gene-containing, -1.8 kb Ball restriction frag- plasmid pTPA603 but that encodes a modified form of TPA, 
ment of human adenovirus-type-2 DNA with the -5.82 kb plasmid pTPA603 was digested with restriction enzymes 
Ndd-StuI restriction fragment of plasmid pLPC A restric- Bgin and SstI, and flie resultant -5.02 kb BgUI-Ssa frag- 
tion site and function map of plasmid pLPCElA is presented ment was ligated to the -0.69 kb BgUI-Sstl restriction 
in FIG. 17 of the accompanying drawings, and the construe- 65 fragment of plasmid pBLT. The resultant plasmid, desig- 
tionprotocolforplasmidpLPCElAisdescribedinExan^le nated as pMrPA603, was then digested with restriction 
13. enzyme BamHI, and the resultant -1.35 kb fragment was 
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isolated. This fragment and the -1.90 kb BamHI restriction 
fragment of plasmid pTPA603 were individually ligated in 
separate ligations to BcU-digested plasmid phd ^G. 16) to 
form the respective plasmids phdMTPA and phdTPA. 
Restriction site and function maps of plasmids phdTPA and 5 
phdAfTPA are respectively presented in FIGS. 23 and 24 of 
the accompanying drawings. The construction of plasmids 
phdTPA and phdMTPA, begimiing with the construction 
protocol for plasmid pTPA602, is described in E3tan^)le 16. 

The present invention conqsises a method for using the ^0 
BK enhancer in tandem with a eukaryotic promoter to drive 
transcription and expression of DNA sequences in eukary- 
otic host cells that express an immediate-early gene of a 
large DNA virus. SkUled artisans will recognize that virtu- 
ally any eukaryotic promoter can be u sed in tandem with the 
BK enhancer in the present method. For exan^le, the SV40 
early and late promoters, BK early and late promoters, early 
and late promoters of any of the polyoma viruses or papova- 
viruses, heipes simplex virus thymidine kinase promoter, 
interferon al promoter, mouse metallothionein promoter, 20 
promoters of the retroviruses, p-globin promoter, promoters 
of the adenoviruses, sea urchin H2A promoter, conalbumin 
promoter, ovalbumin promoter, mouse p-globin promoter, 
human p globin promoter, and the Rous sarcoma virus long 
terminal repeat promoter, can all serve as the eukaryotic ^ 
promoter in the method of the present invention. Moreover, 
any sequence containing a transcription start site, composed 
of a *TArA"-likc sequence with or without an upstream 
'tHAAF* sequence, can serve as the promoter in the present 
invention. Such promoters can be utilized in the present ^ 
method by conventionally inserting the promoters into 
expression vectors coiiq>rising the BK enhancer as exem- 
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plified herein using the adenovirus-2 late promoter, which is 
the preferred eukaryotic promoter for use in the present 
method 

The BK enhancer used in the vectors herein that exem- 
plify the present invention was isolated from the prototype 
strain of BK virus (ATCC VR-837). However, a number of 
BK virus variants have been isolated and described. Gardner 
ct al., 1971, The Lancet 1:1253, (see also Gardner, 1973, 
Brit. Med. J. 1:77-78) described the first isolation of a BK 
virus, and the Gardner strain is thus referred to as the 
prototype wild-type BK virus. The Gardner strain of BK 
virus (FIG. 1) is available from the AFCC under the acces- 
sion number ATCC VR-837. In fact, when AFCC VR-837 
was obtained for use in constructing the vectors of the 
invention, it was observed that BK variants were present in 
the population of viruses. Others have observed this 
phenomenon, i.e., Chukc et al., 1986, J. Wology 60(3):960. 
NeithCT the method of using the BK enhancer in tandem with 
a eukaryotic promoter to drive expression of useful 
substances, such as nucleic acid and protein, in the presence 
of an immediate-eariy gene product of a large DNA virus nor 
any other method of the present invention is limited to the 
Gardner strain or a particular BK variant, although the 
enhancer of the prototype strain is preferred. The following 
Table lists a representative number of BK variants that can 
be used in the methods of the present invention. In addition, 
a BK-like virus (simian agent 12) contains enhancer ele- 
ments homologous to the BK enhancer and can be used in 
the methods of the present invention. The enhancer elements 
of simian agent 12 are described in Cunningham et al., 1985, 
J. Virol. 54:483-492 and, for purposes of the present 
invention, are BK enhancer variants. 



TABLE 1 



BK Viariaiits 



Strain designatioD 



Description 
(relative to wild-type) 



Reference 



BVK(DUN) BKV(DtJN) contams an -40 bp dcle- 

tioQ at 0.7 nLU, just to the late 
coding side of the viral enhancer 
core. 

BK(GS) and BK(MM) Ibese variants have numeioiis base 
differences that iDcIude rearrange- 
ments and di^lications in the con- 
trol legkm; some differences occur 
in the enhancer 



BK(3L) Minor differences in restriction 

endcnuclease patterns. 

BK(»F) and BK(MG) These variants arc composed of 

two coarplementazy defective mole- 
cules, both of which are required 
for infectivity and difEer 
extensively in nucleotide 
sequence from prototype BK virus. 

pmS22 Spontaneous mutation during 

propagation led to differences 
in host range and transfomiing 
potential, pediaps due to a 
deletion of two of the trhec 
enhancer repeats and the presence 
of two sets of shorter 37 bp 
repeats. 

tr530 Spontaneous mutation during 

tr 531 propagation of recombinant 

tr532 BK virus containing the pm522 

enhancer re^km and having further 
duplications of shoxt segments 



Viral Oncology, 1980 
(Raven Press, N.Y., od. 
G. McinX pp. 489-540. 

Pater et aL, 1979, J. 
Vmd, 32:220-225; 
Seif ct al., 1979. CeU 
18:963-677; 
Yang et aL, 1979, 
Nuc. Acids Res. 7:651-668; 
and Pater ct al., 1979, 
Vootogy 131:426-436. 
Pauw et al., 1978, 
Aich. Viral. 57:35-42. 
Pater et aL, 1980, J. 
Vnol. 36:4aM87; 
Pater et al., 1981, 1. 
Vaol 39:968-972; 
Paler et al., 1983, 
ViroL 131:426-436. 
Watanabc et al., 1982, 
J. Virol. 42:978^85; 
Watanabc et al., 1984, 
J. Vtiol. 51:1-6. 



Watanabe et al., 1984, 
J. Vud. 51:1-^. 
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TABLE 1-continued 



BK Variants 



Strain designation 



Description 
(relative to wild-type) 



Reficxence 



BKV9 



BK virus-IR 



ori^nating from the pm522 sequence. 



Arable variant of BK virus iso- 
lated £tom a preparation of 
prototype (wt) BK vims contains 
an incomplete enhancer repeat 
and diq>licatkMi of sequences to 
the late ode of the enhancer. 
BK virus variant isolated from a 
human tumor containing insertions 
and ^ w^g fff][fftytt y in enhancer 
tegioa. This ^rus has an altered 
ttansfbrmatbn pbenotype. 



Chukc et aU 1986, 
J.Vuol. 60:960-971. 



Pagnani et at, 1986, 
J, Vuol. 59:500-505. 



Skilled artisans will understand that a variety of eukary- 
otic host cells can be used in the present method, so long as 
the host cell expresses an immediate-early gene product of 
a large DNA virus. Because the iramediate-early gene prod- 
uct can be introduced into host cells by many means, such 
as transfconation with a plasmid or other vector, virtually 
any eukaryotic cell can be used in the present method. 
Human cells are preferred host cells in the method of the 
present invention, because human cells are the natural host 
for BK virus and may contain ceUular factors that serve to 
stimulate the BK enhancer. WhUe human kidney cells are 
especially preferred as host cells, the adenovirus 
5-transformed human embryonic kidney cell line 293 , which 
expresses the ElA gene product, is most preferred and is 
available from the ATCC under the accession number ATCC 
CKL 15753. 

The 293 cell line is preferred not only because 293 cells 
express the ElA gene product but also because of the ability 
of the 293 cells to Y-carboxylate and otherwise propexly 
process complex gene products such as protein C. 
*^-Carboxylation'* refers to a reaction in which a carboxyl 
group is added to a glutamic acid residue at the y-carbon, and 
a y-caiboxylated protein is a protein in whidi some amino 
acid residues have undergone y-carboxylation. Kidney cells 
ncrmaUy y-carboxylate and otherwise process certain 
proteins, but 293 cells are transformed with adenovirus, 
which generally results in a loss of specialized functions. 
Consequently, the present invention also comprises an 
improvement in the method for producing a protein that is 
naturally gamma carboxylated, properly folded, and pro- 
cessed wherein said protein is encoded in a recombinant 
DNA vector such that said protein is expressed when a 
eukaryotic host cell containing said vector is cultured under 
suitable expression conditions, wherein the improvement 
comprises: (a) inserting said vector into an adeiiovinis- 
transformed, human embryonic kidney cell; and (b) cultur- 
ing said host cell of step a) under growth conditions and in 
media containing sufficient vitamin K for carboxylation. The 
293N3S derivative of the 293 cell line is also suitable for use 
in the present invention and is able to grow in suspension 
culture as described in Graham, 1987, J. Gen. Virol. 68:937. 

This method of producing a y-carboxylated protein is not 
limited to adenovirus-transfcffmed human embryonic kidney 
cells. Instead, the method of producing a y^arboxylated 
protein is broadly applicable to all adenovirus-transformed 
host cells. Those skilled in the art also recognize that the 
method can be practiced by first transfcnning a eukaryotic 
cell with an expression vector for a y-carboxylated protein 



2Q and then transfoiming the resulting transformant with aden- 
ovirus. Harold Ginsberg, in The Adenoviruses (1984, Ple- 
num Press, New York), describes a number of adenoviruses 
and methods of obtaining adenovirus-transformed host cells. 
One especially preferred adenovirus-transformed host cell 

25 for purposes of expressing a y-carboxylated protein encoded 
on a recombinant DNA expression vector is the Syrian 
hamster cell line AV12-664 (hereinafter AV12). The AV12 
cell line was constmcted by injecting adenovirus type 12 
into the scruff of the neck of a Syrian hamster and isolating 

30 cells from the resulting tumor. The AV12 cell line is a 
preferred host for purposes of producing a y-carboxylated 
protein. Examples of y-carboxylated proteins include, but 
are not limited to, FactOT VE, Factor DC, Factor V, protein C, 
protein S, protein Z, and prothrombin. Example 19, below, 

35 illustrates the advantages of using an adenovirus- 
transformed host cell for expression of recombinant 
y-carboxylated proteins. 

In addition to the increased ^ciency of y-carboxylation 
of proteins, the present invention further provides methods 

40 for the production of molecules never before encountered in 
nature. The gene encoding human protein C is disclosed and 
claimed in Bang et al., U.S. Pat No. 4,775,624, issued Oct 
4, 1988, the entire teaching of which is herein incorporated 
by reference. Human protein C is a glycoprotein which 

45 contains four potential sites for the addition of N-linked 
oligosaccharides. Hiese glycosylation sites occur at the 
asparagine residues found at positions 97, 248, 313 and 329 
of the human protein C molecule. The carbohydrate residues 
attached to human protein C specifically affect the functional 

so activities (both anticoagulent and amidolytic) of the mol- 
ecule. Human protein C which is totally deglycosylated has 
no functional activity. The functional activity of recombi- 
nant human protein C from adeno-transformed Baby Ham- 
ster Kidney (BHK) cells is about 5-10% lower than fiilly 

55 glycosylated human protein C derived from plasma. 
However, recombinant human protein C from 293 cells has 
a functional activity which is 30-40% greater than plasma- 
derived human protein C. 
The differences in functional activities between plasma 

60 HPC, rHPC from BHK cells and rHPC from 293 cells are 
not due to any significant differences in the 
y-carboxyglutamate or p-hydroxyaspartate content of the 
molecules. While all three of the molecules appear to be 
fully y-carboxylated, the rHPC from 293 ceUs demonstrates 

65 much higher functional activity. The reason for the different 
activities lies in the glycosyl content of the separate mol- 
ecules as summiarized in the following table. 
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TABLE 2 





moles suiiar/mole of IIPC 








rHPC- 


Sugar 


Plasma HFC 


293oeUs 


BHK cells 


Fbcose (Fuc) 


05 


4.8 


4.0 


N-acetylgalactosaxmiie (GalNAc) 


0 


Z6 


0.62 


N-acety(gluco6amine (OlcNAc) 


13.8: 


12.4 


16.8 


GaiactoGe (Gal) 


9.3 


6.0 


10.6 


Mannosc (Man) 


9.1 


8^ 


10.2 


N-ocetybeuniiuiuc 


10.2 


5.4 


10.9 


acid (NeuAc) (Sialic acid) 









5 



This glycosyl content data predicts that for plasma HPC 15 
and BHK-derived rHPC the oligosaccharides arc predomi- 
nantly of N-linked complex triantennary stnicture. The 
glycosyl content for rHPC produced in 293 cells, however, 
predicts that most oligosaccharide chains are predominantly 
of the N-linked complex biantennary structure. 20 
The N-acetylgalactose residues present in rHPC derived 
from 293 cells are totally in N-linked oligosacdiaride struc- 
tures and not o-linked l>ecause they can be totally released 
by N-glycanose digestion. The total removal of sialic acid 
from HPC with neuraminidase resulted in a 50% increase in ^ 
amidolytic activity and a 250-300% increase in anticoagu- 
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respect to a cukaiyotic promoter. Such method conqjrises 
placing the BK enhancer within 0 to 300 nucleotides 
upstream of the 5' end of the CAAT region tr CAAT region 
equivalent of the eukaryotic promoter used in tandem with 
the BK enhancer. The improved cassettes produced by this 
method comprise an important embodiment of the present 
invention. Use of the improved cassettes is not limited to 
host cells that express ElA or a similar gene product, 
although the preferred use does involve stimulation of the 
inqjToved cassette by an immediate-early gene product of a 
large DNA virus. 

Other viral gene products, such as the VA gene product of 
adenovirus, can be used to increase the overall efficiency of 
the present method for using the BK enhancer to promote 
transcription and expression of recombinant genes in 
eukaryotic host cells. The VA gene product inaeases the 
translation efficiency of mRNA molecules that contain the 
tripartite leader of adenovirus (Kaufman, 1985, PNAS, 
82:689-693, and Svensson and Akusjarul, 1985. EVBO, 
4:957-964). The vectors of the present invention can be 
readily modified to encode the entire tripartite leader of 
adenovims; however, as demonstrated in Example 18, ttic 
present invention encompasses the use of the VA gene 
product to increase translation of a given mRNA that only 
contains the first part of the adenovirus tripartite leader. 

The sequence of the tripartite leader of adenovirus is 
depicted below: 



• . First Part •* Second 

5'--ACUCUCUUCCGCAUCGaX31JCUGCX3AGGGCCAGCUGUUGGGCUCGCGGTO 

Part •* -mud 

GCGGUClJimcCAGUACUCUUGGAUCGGAAACCCOUCGGCCUCCGAACGUACUCC 

Part * 

UGAGCGAGUCCXX:AUCX5ACCGaAUCGGAAAACaJCXJCGAGAAAGGCGUaJAACCAG 



lent activity, therefore, as the sialic add content of the 
molecule is lowered, the functional activity of the molecule 
is increased. 

However, the removal of sialic add and the concomitant ^ 
exposure of the galactose residue on the non-reducing end of 
oligosaccharides of gilycoproteins results in general, in a 
tremendous increase in the clearance rate of the glycoprotein 
by the liver, therefore asialylated glycoproteins are not 
pharmaceutically preferred. In rHPC derived from 293 cells, 45 
the lowering of the sialic add content is matched with a 
proportional lowering of the galactosyl content The ratio of 
gaiactose:sialic acid is the same in plasma PIPC, rHPC- 
BHK and rHPC-293 and is dose to 1:1 in all three mol- 
ecules. The data demonstrates that there are few ot no 50 
galactosyl residues at the non-reducing end of the oligosac- 
diarides in the rHPC from 293 cells. This lower sialic acid 
content in rHPC from 293 cells is consistent with the 
interpretation of less branching in the N-linked oligosaccha- 
rides. This novel structure results in a molecule with 55 
increased activity which should not liave an Increased rate of 
dearanoe from the blood. As the biosynthesis of digosac- 
charides on glycoproteins is in part regulated by the '*machi- 
nary" of the cells from which the glycoproteins are secreted, 
ttic methods of the present invention allow for the produc- 60 
tion of novel glycoprotein molecules from a wide variety of 
host cells. In particular, recombinant human protdn C 
produced in AV12 ccUs also displays novd glycosylation 
patterns. 

The novd BK enhancer-eukaiyotic promoter construe- 65 
tions described in Example 17 were constructed using a 
method for improving the activity of the BK enhancer with 



wherein A is riboadenyl, G is riboquanyl, C is ribocytidyl, 
and U is uridyi As encoded in adenovirus DNA, the 
tripartite leader is interrupted by large intions. The presence 
of these introns or portions of the introns does not adversely 
affect expression levels. Plasmids p4-14 and p2-5 of the 
present invention contain the tripartite leader of adenovirus 
and are described more fully in Example 20, below. 

Many of the illustrative vectors of die invention, such as 
plasmids pBLcat and pLPC, contain only the first part of the 
tripartite leader of adenovirus. As used herein, the **first 
part" of the tripartite leader of adenovirus, when transcribed 
into mRNA, conqnises at least the sequence: 

5'-ACUCUCUUOCGCAUCaCUGUCUGOGAGGGCCAO-3. 

Thus, the present invention conoprises an improvement in 
the method for produdng a useful substance in a eukaryotic 
host cell that is transformed with a recombinant DNA vector 
that contains both a eukaryotic promoter and a DNA 
sequence that encodes said useful substance, said sequence 
being positioned for expression from said promoter, and 
wherein said cell containing said vector is cultured under 
conditions suitable for expression of said useful substance, 
wherein the in^irovement comprises: 

(a) incocporating DNA that encodes the first part of the 
tripartite leader of an adenovirus into said vector such 
that, upon transcription, the mRNA produced encodes 
said useful product and, at the 5* end, contains said first 
part of the tripartite leader; 

(b) providing said cell containing the vector of step a) 
with a DNA sequence that codes for the expression of 
a VA gene product of said adenovirus; and 
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(c) culturing said cell of step b) under conditions suitable Many gene products require extensive post-translated 

for expressing said VA gene product and for stimulating modification for functional activity. As some cell lines do 

translation of said mRNA, not efficiently modify such gene products, it is advantageous 

subject to the limitation that said mRNA does not contain the to express these genes in those cell lines which can perform 

entire tripartite leader of said adenovirus. s such modifications. Human protein C is one gene product 

Plasmids coding for VA have been constructed from which requires both gamma carboxylation and the removal 
adenovirus DNA. A restriction fragment of 1723 bp, defined of a propiece after the translation of the gene. These post- 
by a Sail site (at nucleotide 9833) and a Hindm site (at translational modiiications occur most efficientiy in primate 
nucleotide 11556), was isolated from adenovinis-2 DNA and cells, yet the genes encoding such gene products cannot be 
doned into HindUI-Sall-^gested plasmid pBR322, thus lo directly amplified in primate cells, 
replacing the 622 bp Sall-Hindm fragment of pBR322, to The most common system for gene amplification employs 
construct plasmid pVA. A plasmid coding for neomycin the murine dihydrofolate reductase (dhfr) gene in dh& 
resistance and VA has been constructed by isolating a 1826 deficient cell lines. Dihydrofolate reductase reduces folic 
bp Nrul fragment from plasmid pVA and inserting tiiat acid to tetrahydrofolic add, which is involved in the syn- 
fragment into Klenow-treated, BamHI-digested plasmid 15 thesis of thymidylic add. Methotrexate binds to dihydro- 
pS VNeo (available from BRL). The resultant plasmid, des- folate reductase, thereby preventing the biosynthesis of 
ignatedpVA-Neo, can be used to insert the VA gene into any thymidylic add. EHhydrofolate reductase defident ceUs, 
cell line by selection of neomycin (G418) resistance after therefore, cannot survive in an environment which does not 
transformation. contain thymidylic add, while the presence of methotrexate 

The VA gene product of adenovirus, however, may exert 20 in the culture media requires a concomitant increase in the 

its greatest positive effect on expression of recombinant amount of non-bound dihydrofolate reductase for cell sur- 

genes containing either the first part of the teipaitite leader vival. 

of adenovirus, or the entire tripartite leader, in the first few Primate cells, on the other hand, which are most effident 

days following transformation of the host cell with a in the post- translational modification of certain 

VA-encoding vector. Subsequent expression of the VA gene 25 polypeptides, also contain a constitutive dhfr gene. The 

product in the host cell after the first few days may not give presence of the constitutive dhfr gene prevents the direct 

optimal expression levels. However, presence of the first selection of transformants and amplifications of genes using 

part of the tripartite leader on the expression vector and methotrexate. TTie method of the present invention allows 

resulting message will lead to increased expression of tiie for the direct selection of transformants using a separate 

IH'oduct encoded by the ihRNA, even in the absence of tiie 30 selectable marker, such as the hygromydn resistance- 

VA gene product^ in con^)arison to e:(pression vectors and conferring gene or the neomycin resistance-conferring gene. 

mRNA molecules that lack the first part of the trq>artite Following this direct selection, the genes may then be 

leader. amplified by progressivdy increasing the levd of methotr- 

The T antigen of SV40, BK virus, or any other polyoma- exate in the culture media. Many cells which demonstrate an 

virus can also be used with the vectors of the present 35 increased levd of dhfr gene copy number as well as any 

invention to increase promoter activity and/or increase copy increase in the copy number of tiie structural polypeptide 

number of the plasmid l>y stimulating replication. SV40 T gene. 

antigen stimulates transcription from both the adenovirus The method of gene anoplification in primate cells is in no 

and BK late promoters. By including T-antigen-coding way dependent upon any given means for the introduction of 

sequences on the expression vectors of the present invention 40 the DNA into the cells. Those skilled in the art recognize that 

OT by cotransfection of the vectors with a plasmid(s) carry- DNA may be introduced into cells by electroporation, 

ing T-antigen-coding sequences, anq)lification of copy num- microinjection, transformation or transfection. Furthermcx-e, 

ber can be obtained prior to the application of selective the DNA can either be linear or circular. The gene encoding 

pressure as out-lined in Exan^jle 18. This will allow for high a sdectable marker does not need to be an antibiotic 

copy number integration of tiie expression vector. 4S resistance confening gene. Skilled artisans understand that 

Thus, in the preferred embodiment of the present any means for direct selection may be utilized in the present 

invention, the recombinant DNA expression vector com- invention. For example j a gene encoding an antigenic deter- 

prises the BK enhancer of the prototype strain positioned minant could be introduced into a cell line, and cells 

less than 3(X) nucleotides upstream of the adenovirus late containing this determinant could be easily selected using 

promoter, which itself is positioned to drive expression of a 50 immunological methods which are well known in the art 

gene that encodes at least the first part of the tripartite leader The directiy sdectable marker gene, the dhfr gene and the 

and a useful substance. This preferred vector is used to structural polypeptide gene do not need to be introduced into 

transform human embryonic kidney 293 cells that have been the cell on the same piece of DNA. For example, the directiy 

modified, either before or after transfcKmation with the selectable marker may be transfected into the cell on one 

expression vector, to express the VA gene product of an 55 plasmid, while the dhfr and structural polypeptide genes 

adenovirus. For stable transformants, however, presence of may be transfected into the cell on a separate plasmid. This 

the VA gene product may not be desired, occurs when the hygromycin resistance conferring gene is 

The present invention also concerns a method of ampli- transfected into 293 cells via plasmid pLPGhyg, while the 

fying genes in primate cells. DNA encoding a directiy dhfr and human protein C genes are transfected into the 

sdectable marker, the murine dihydrofolate reductase gene 60 same ceUs via plasmid pLPCdhfr. Alternativdy, the dhfr and 

and a structural polypeptide is introduced into primate ceils. human protein C genes can be introduced into plasmid 

Those cells which contain the directiy sdectable marker are pLPChyg-transfected 293 cells via plasmid p4-14. The 

then reisolated and treated with progressivdy increasing neomycin-resistance confening gene can be used in place of 

amounts of noethotrexate to anq)lify the genes for dihydro- the hygromydn resistance-confening gene, in which case- 

folate reductase and the structural polypeptide. This method 65 plasmid pSV2neo is introduced into the cdl line rather than 

allows f<^ a significant inaease in the amount of the plasmid pLPChd. In addition to co-transfection with differ- 

structural polypeptide gene that can be in the cdis. ent plasmids, the directiy selectable marker gene, the dhfr 
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gene and the structural polypeptide gene can aU be intro- alcohol saturated with 100 mM IHs-HQ, pH=7.8. The 

duccd into the host cell on one plasmid. This is exemplified solution of BK vinis DNAis then dialyzed against TE buffer 

by the transfection of cell line 293 with plasmid pLPChd. until the 260 nm/280 rnn absorbance ratio of the DNA is 

Furthermore, other types of primate cells, such as the between 1.75 and 1.90. The DNA is precipitated by adjust- 

monkey Jddney MK2 cell line (ATCC CCL7), may be used 5 ing the NaQ concentration to 0.15M, adding two volumes of 

in the method of die present Invention. ethanol, incubating the solution at -70*' C. for at least 2 

The following Examples more fully describe the methods, hours, and centrifaging the solution at 12,000xg for 10 

compounds, and recombinant organisms of the present minutes.TTiercsultingpelletofBK vims DNA is suspended 

invention. Those skilled in the art will recognize tfiat the in TE buffer at a concentration oi 1 mg/ml. 

particular reagents, equipment, and procedures described in lo 

the Examples are merely illustrative and do not limit the EXAMPLE 2 



present invention, 

EXAMPLE 1 



Construction of E^mids pBKEl and pBKE2 



About one ng of the BK virus DNA prepared in Bwnplc 
Preparation of BK Virus DNA in one pi of TE buffcx was dissolved in 2 pi of lOx EcoRI 

^ buffer (l.OM Tris-Ha pH=7.5; 0.5M NaQ; 50 mM MgO^; 

BK virus is obtained firom the American Type Culture and 1 mg/ml BSA) and 15 pi of HjO. About 2 pi (-10 units; 
Collection under die accession numberArCCVR-837. The all enzyme units referred to herein, unless otherwise 
virus is delivered in freeze-dried f<xm and resuspended in indicated, refer to the unit definitions of New England 
Hank's balanced salts (Gibco, 3175 StalelF Road, Grand ^° Biolabs, 32 Tozer Road, Beverly, Mass. 01915-9990, 
Island, N.Y 14072) to a titer of about lO' plague-fanning although the actual source of the enzymes may have been 
units (pfiiyml. The host of choice for the preparation of BK different) of restriction enzyme EcoRI were added to the 
virus DNAis primary human embryonic kidney (PHEK) solutionof DNA, and the resulting reaction was incubated at 
cells, which can be obtained from Flow Laboratories, Inc., 37** C. for two hours. 

7655 Old Springhouse Road, McLean, Va. 22101, under ^ About 1 pg of plasmid pUC8 (available from Pharmacia 
catalogue number 0-100 or firom M.A Bioproducts under P-L Biochemicals. 800 Centennial Ave., Piscataway, N.J. 
catalogue number 70-151. 08854) in 1 pi of TE buffer was digested with EcoRI in 

About five 75 mm^ polystyrene flasks comprising con- substantial accordance with the procedure used to prqpare 
fluent monolayers of about 10* PEEK cells are used to 3^ the EcoRI-digested BK virus DNA The EcoRI-digested 
prepare the virus. About 1 ml of BK virus at a titer of 10* plasmid pUC8 DNA was diluted to 100 pi in TE buffer; 
pfu/ml is added to each flask, which is then incubated at 37° -0.06 units of calf-intestinal alkaline phosphatase were 
C. for one hour, and then, fresh culture medium (Duibecco's added to the solution, and the resulting reaction was incu- 
Modified Eagle's Medium, Gibco, supplemented with 10% bated at 37° C. for 30 minutes. The solution was adjusted to 
fetal bovine serum) is added, and the infected cells are contain Ix SET (5 mM TWs-HCl. p=7,8; 5 mM EDTA; and 
incubated at 37° C for 10-14 days or until the fuU cyto- 150 mM NaQ), 0.3M NaOAc, and 0.5% SDS and then 
pathogenic effect of the virus is noted. This cytopathogenic incubated at 65° C. for 45 minutes. The phosphatase treat- 
effect varies fi^om cell line to cell line and from virus to virus ment prevents the pUC8 DNA from setf ligating. 
but usually consists of cells rounding up, clun^ng, and The EcoRI-digested BK virus and plasmid pUC8 DNA 
sloughing off the culture disk. ^ were extracted first with buffered phenol and then with 

The virus is released from the cells by three fi^eze-thaw chloroform. The DNA was collected by adjusting the NaQ 
cycles, and the cellular debris is removed by centrifugation concentration of each DNA solution to 0.25M, adding two 
at 5000xg. The virus in 1 liter of supernatant fluid is volumes of ethanol, incubating the resulting mixtures in a 
precipitated and collected by the addition of 100 g of dry ice-ethanol bath for 5 minutes, and centrifuging to pellet 
PEG-6000, incubation of the solution for 24 hours at 4° C, 45 the DNA. The supernatants were discarded, and Ae DNA 
and centrifugation at 5000xg for 20 minutes. The pellet is pellets were rinsed with 70% ethanol, dried, and resus- 
dissolved in O.lx SSC buffer (lxSSG=0.15M NaQ and pended in 10 pi and 30 pi of TE buffer for the BK and 
0.015M NaCitrate, pH=7) at 1/lOOth of the original volume. plasmid pUC8 samples, respectively. 
The virus suspension is layered onto a 15 ml solution of About 3 pi of HjO and 1 pi of lOx ligase buffer (0.5M 
saturated KBr in a tube, which is centrifuged at 75,000xg for 50 Tris-HCl, pH=7.8; 100 mM MgO^; 200 mM DIT; 10 mM 
3 hours. Two bands are evident in the KBr solution after ATP; and 0.5 mg/ml BSA) were added to a mature of 2 pi 
centrifrigation. The lower band, which contains the con^)lctc of the EcoRI-digested BK virus and 1 pi of the EcoRI- 
virion, is collected and desalted on a Sephadex® G-50 digested plasmid pUC8 DNA. One pi (-1000 units) of T4 
column (Sigma Chemical Co., PO. Box 14508, St Louis, DNA Hgase were added to the solution of DNA, and the 
Mo. 63178)usingTE(10mMTris-Ha,pH=:7.8, and 1 mM 55 resulting reaction was incubated at 16° C overnight. The 
EDTA) as an dution buffer. ligated DNA constituted the desired plasmids pBKEl and 

Sodium dodecyl sulfate (SDS) is added to the solution pBKE2, which differ only with respect to the orientation of 
purified virions obtained from the column to a concentration the inserted BK virus DNA. A restriction site and function 
of l%;pronase is added to a concentration of 100 pg/ml, and na£^ of plasmid pBKEl is presented in FIG. 2 of the 
the solution is incubated at 37° C. for 2 hours. Cesium 60 accompanying' drawings. 

chloride is then added to the solution to a density of 1.56 A 50 ml culture of E. coll K12 JM103, available from 
g/ml, and ethidium bromide is added to the solution to a final Pharmada P-L Biochemicals, in L-hroth was grown to an 
concentration of 100 pg^ml. The solution is centrifuged in a optical density at 650 nanometers (O.D.gjo) of approxi- 
SorvaU (DuPont Inst. Products, Biomedical Division, matdy 0.4 absorbance units. The culture was chilled on ice 
Newton, Conn. 06470) 865 rotor or similar. vertical rotor at 65 for ten minutes, and the cells were collected by centrifiiga- 
260,000xg for 24 hours. After centrifugation, the band of tion. The cdl pellet was resuspended in 25 ml of cold 100 
virus DNA is isolated and extracted five times with isoamyl mM MgOj and incubated on ice for 25 minutes. The cells 
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were once again pelleted by centrifugation, and the pellet 
was resuspended in 2.5 ml of cold 100 mM Cads and 
Incubated for 30 minutes on ice. After die incubation, the 
cells are competent for the uptake of transforming DNA. 

l\vo hundred pi of this ceU suspension were mixed with 
the Ugated DNA prepared above and incubated on ice for 30 
minutes. At the end of this period, the cells were placed in 
a water bath at 42° C for 2 minutes and then retumed to the 
ice for an additional 10 minutes. The cells were collected by 
centrifugation and resuspended in one ml of L broth and 
incubated at 37° C. for 1 hour. 

Aliquots of the cell mixture were plated on L-agar (L 
broth with 15 grams of agar per liter) plates containing 100 
Mg anapidQlin/ml, 40 pg X-gal/ml^ and 40 \ig IFTG/ml. The 
plates were incubated at 37° C. overnight Colonies that 
contain a plasmid wi&out an insert, such as E. coli K12 
JfM103/pUC8, appear blue on these plates. Colonies that 
contain a plasmid with an insert, such as E. coli K12 
JM103/pBKEl, are white. Several white colonies were 
selected and screened by restriction enzyme analysis of their 
plasmid DNA for the presence of the -5.2 kb EcoRI restric- 
tion fragment of BK virus. Plasmid DNA was obtained from 
the E. coli K12 JM103^BKE1 and E, coli K12 JM103/ 
pBK£2 cells in substantial accordance with the procedure 
for isolating plasmid DNA that is described in the following 
Example^ although the procedure i$ done on a smaller scale, 
and the CsQ gradient steps are omitted, when the plasmid 
DNA is isolated only for restriction enzyme analysis. 

EXAMPLES 

Construction of Flasmids pBKneol and pBKneo2 

E. coli K12 HBlOl/pdBPV-MMTnco cells are obtained in 
lyophil form from the American lype Culture Collection 
under the accession number ATCC 37224. The lyophilized 
cells are plated on L-agar plates containing 100 pg/ml 
ampicillin and incubated at 37° C. to obtain single colony 
isolates. 

One liter of L broth (10 g tryptone, 10 g NaCl, and 5 g 
yeast extract per liter) containing 50 pg^ml ampicillin was 
inoculated with a colony of E. coU K12 HBIOI^kIBPV- 
MMTneo and incubated in an air-shaker at 37 C. untH the 
O.D.390 was -1 absorbance unit, at which time 150 mg of 
chlorano^henicol were added to the culture. The incubation 
was continued for about 16 hours; the chloraii^>henicol 
addition inhibits protein synthesis, and thus inhibits further 
cell division, but allows plasmid replication to continue. 

The culture was centrifuged in a Sorvall GSA rotor 
(DuPont Co., Instrument Products, Biomedical Division, 
Newtown, Conn. 06470) at 6000 rpm for 5 minutes at 4° C. 
The resulting supernatant was discarded, and the cell pellet 
was washed in 40 ml of TES buffer (10 mM Tris-HQ, 
pH=7.5; 10 mM NaQ; and 1 mM EDTA) and th6n repel- 
leted. The supernatant was discarded, and the cell pellet was 
frozen in a dry ice-ethanol bath and then thawed. The thawed 
cell pellet was resuspended in 10 ml of a solution of 25% 
sucrose and 50 mM BDTA. About 1 ml of a 5 mg/ml 
lysozyme solution; 3 ml of 0.25M E0rA,pH=8.O; and 100 
^1 of 10 mg/ml RKAse A were added to the solution, which 
was then incubated on ice for 15 minutes. Three ml of lysing 
solution (i^q)ared by mixing 3 ml 10% Triton-X 100; 75 ml 
0.25M EDTA, pH=8.0; 15 ml of IM Tris-HQ, pH=8.0; and 
7 ml of water) were added to the lysozyme-treated cells, 
mixed, and die resulting solution incubated on ice for 
another 15 minutes. The lysed cells were frozen in a dry 
ice-ethanol bath and then thawed. 

The cellular debris was removed frx>m the solution by 
centrifugation at 25,000 rpm for 40 minutes in an SW27 
rotor (Beckman, 7360 N. Lincoln Ave., Lincolnwood, BL 



60646) and by extraction with buffered phenol. About 30.44 
g of CsQ and -1 ml of a 5 mg/ml ethidium bromide solution 
were added to the cell extract, and then, the volume of the 
solution was adjusted to 40 ml with TES buffer. The solution 
5 was decanted into a VTi50 ultra-centrifuge Xxxbt (Beckman), 
which was then sealed and centrifuged in VTi50 rotor at 
42,000 ipm for -16 hours. The resulting plasmid band, 
visualized with ultraviolet light, was isolated and then 
placed in a Ti75 tube and rotor (Beckman) and centrifuged 
at 50,000 rpm for 16 hours. Any necessary volume adjust- 
ments were made using TES containing 0.761 g/ml CsCl. 
The plasmid band was again isolated, extracted with salt- 
saturated isopropanol to remove the ethidium bromide, and 
diluted 1:3 with TES buffer. Two volumes of ethanol were 
then added to the solution, which was then incubated over- 
is night at -20° C. The plasmid DNA was pelleted by centri- 
fuging the solution in an SS34 rotor (Sorvall) for 15 minutes 
at 10,000 rpm. 

The fil mg of plasmid pdBPV-MMTneo DNA obtained by 
this procedure was suspended in 1 ml of TE buffer and stored 
^ at -20° C. The foregoing plasmid Isolation procedure is 
generally used when large amounts of very pure plasmid 
DNA are desired. The procedure can be modified to rapidly 
obtain a smaller, less pure amount of DNA, such as is needed 
when screening transformants for the presence of a given 
25 plasmid, by using only about 5 ml of cultured cells, lysing 
the cells in an appropriately scaled-down amount of lysis 
buffer, and replacing the centrifugation steps with {^enol 
and chloroform extracdons. 
About 5 pg (5 pi) of the plasmid pdBPV-MMTneo DNA 
30 prqpared above and live |ig (5 pi) of the BK virus DNA 
prepared in Example 1 were eacih digested at 37° C. for 2 
hours in a solution containing 2 pi of lOx BamHI buffer 
(1.5M NaCl; 60 mM Tris-HQ, pH=7.9; 60 mM MgClj; and 
1 mg/ml BSA), 1 pi of restriction enzyme BamHI, and 7 )jl 
33 of H2O. The reaction was stopped by an extraction with an 
equal volume of phenol, followed by two extractions with 
chloroform. Each BamHI-digestcd DNA was then 
precipitated, collected by centrifugation, and resuspended in 
5 Ml of H2O. 

^ About 1 pi of lOx ligase buffer was added to a mixture of 
Bamm-digested plasmid pdBPV-MMTneo (1 pi) and 
BamHI-digested BK virus DNA (1 pi). After 1 pi (-1000 
units) of T4 DNA Ugase and 6 pi of HjO were added to the 
mixture of DNA, the resulting reaction was incubated at 16° 
C. overnight. The Ugated DNA constituted the desired 
plasmids pBKncoI and pBKneo2, which differ only with 
respect to the orientation of the BK virus DNA. A restriction 
site and function map of plasmid pBKneol is presented in 
FIG. 3 of the accompanying drawings. 
E. coli K12 HBlOl cells are available in lyophilized form 

^ from the Northern Regional Researdi Laboratory under the 
accession number NRRL B-15626. E. coli K12 HBlOl cells 
were cultured, made con^)etent for transformation, and 
transformed with the ligated DNA prepared above in sub- 
stantial accordance with the procedure of Example 2. The 

55 transformed cells were plated on L-agar plates containing 
100 Mg/ml an^)icillin. £. coli K12 HBlOiypBKneol and £*. 
coli K12/pBKneo2 transformants weare identified by their 
ampiciUin-resistant phenotype and by restriction enzyme 
analysis of their plasmid DNA. 

^ EXAMPLE4 

Construction of Plasmid pBLcat 

A. Construction of Intermediate Plasmid pLPcat 
65 The virion DNA of adenovirus 2 (Ad2) is a double- 
stranded linear molecule about 35.94 kb in size. The Ad2 
late promoter can be isolated on an -0.316 kb Acd-PvuH 
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lestdction fragment of the Ad2 genome; this -032 Kb segment of gel containing the -032 lb Acd-PvuH restdc- 

lestnction fragment ooiTesponds to the sequence between tion fragment is cut from the gel, crushed, and soaked 

nucleotide positions S7S2 and 6071 of the Ad2 genome. To overnight at room temperature in -250 |il of extraction 

isolate the desired -032 kbAcd-PvuII restriction fragment, buffer (500 mM NH4OAC; 10 mM MgOAc; 1 mM EDTA; 

Ad2DNA is first digested with restriction enzyme Ball, and s anil 0.1% SDS). The following morning, the mixture is 

the ~Z4 kb Ball restriction fragment that comprises die centrifiiged, and the pellet is discarded. The DNA in the 

entire sequence of the -032 kb Acd-PvuII restriction frag- supernatant is precipitated with ethanol; about 2 jig of tRNA 
mtait is isolated. Hien, the -2.4 kb Bali restriction fragment ^ ensure complete precipitation of the desired 

is digested with Acd and PvuH to obtain the desired fragment About 0.2 pg of the -0.32 kbAcd-Pvun restiic- 
fragment. 10 fragment are obtained and suspended in 7 pi of HjO. 

About 50 pg of Ad2 DNA (available from BRL) are „ About0.25Mg(in0.5pl)ofBcUlinkeis(5'-CrGArCAG- 

dissolved in 80 Ml of HjO and 10 pi of lOx Ball buffer (100 ^ ' "^m New England Biolabs), which had been 

mMTWs-Ha.pH=7.6;120mMMga,;100mMmT:and " substantial accordance with the procedure 

1 mg^ml BSA). About 10 pi (-20 units) of restriction df^bed in Sample lOA, below, was added to the solution 
enzyme Bali are added to the solution of Ad2 DNA, and the 15 *>f ;±32 kb Accl-Pvunrestnction fragment, and then. 1 
resulting reaction is incubated at 37» C. for 4 hours. !!^ "^^ ^^A ligase and 1 pi of lOx ligase 

TI.-11-1T .^r\KT* • 1 . .J buffer were added to the solution of DNA, and the resulting 

.^Itr^^Tt^^ 1°^^^ '^T^'^f'^'^ reaction wasincubatedat le" C overnight The BcUlinkeii " 
t^^^^r T^'^'TT'^u'^A^^r^^ "^P"' «»»y "sate to the Pvun end of thrAccJ-PvulI restri^ 

Z^A^^^^ J^^- '^^1'^^^^.'" IT; 20 tionfragmenf DNAsequendnglaterrevealedthatfourBdl 

SS^UnTn"* *r * • ' °° J-B*"*) °f linkers attached to dirPvuH end of the Acd-PvuH restrio 

Ae stamed gel to long-wave ^ion fragment These extra BcU linkers can be removed by 

1^^^ «^ light One mefcod to isolate DNA from BcH digestion and religation; however, the extra Bclllinke^ 

f^d in each slit Upon further electrophoresis, the DNA p irn mjim/ cw-> .11 u. • j • • 
non-covalently bindsto the DEAE m^hrane. After the " 

desired fragment is bound to the DEAE membrane, the ^S^l,?^ ^r„,?l1J^o^^^^ 
membrane is removed and rinsed with low-salt buffer (100 

mM KQ; 0.1 mM EDTA; and 20 mM TWs-HQ, pH=8). ^ i° substontial accordance wifli the procedure of 

NcxtthememhrancispIacedinasmalltubeandi^Lrsed ^^^I'tZ'TT''^^ T f^'^'''''^^ oi ph^d 
in high-salt buffex (IM NaQ; 0.1 mM EDTA; and 20 mM is presented m FIG. 4 of the accompanying draw- 

TOs-HQ, pH=8) and then incubated at 65° C. for one hour '^.^'■^^ » f^S 1^^.^' 

toremovefl,eDNAfiomtheDEAEpapcr.Aftcrthe65-C. '^''^^rf'^'^,^ "'^Ti^'^f ? I'fA^l?." 

incubation, the incubation buffer is <^llVcted and the mem- " S^'.K'?,' 

brane rinsed with high-salt buffer. IHe high-salt rinse solu- ^/'^ '"^ ^^ (^'f " ^ '"f'if,^'*^^'"' 

tion is pooled with toe high-salt incubation buffer. enzyme Acd were added to the solu^on of pSV2«t DNA 

_ , C.V ..• u rvvT. , . . . and the rcsultmg reaction was incubated at 37" C for 2 

The volume of the high saU-DNA solution is adjusted so hours. The Acd-digested plasmid pSV2cat DNA was then 

that die Naa conccntratoon is 0.25M, and then three vol- ^ digested with restriction enzyme Stnl by adding 3 pi of lOx 

umesofcold,absolutcethanolareaddcdtothe solution. The stifl buffer (l.OM NaQ; 100 mM TOs-Ha pH=8.0; 100 

resulting soluuon is mixed and placed at -70° C. for 10-20 j^M. MgCl^; 60 mM DTT, and 1 mg/ml BSA), 5 pi of H,0: 

nnnutes. The solution is then centnfuged at 15,000 rpm for and about 2 pi (about 10 units) of restriction enzyme SmL 

15 nnnutes After another precipitatton to remove residual jhe resulting reaction was incubated at 37<' C. for 2 hours. 

'..^' ^^ '"^ "^""^ « The «'«=tion was terminated by extracting the reaction 

pended in 20 pi of TE buffer, and constitutes about 3 pg of ^xturc once with phenol, then twice with chloroform, 

the demed restriction fragment of A^^e purified frag- About 0.5 pg of the desired fragment was obtained and 

ment obtained is dissolved m 10 pi of TE buffet dissolved in 20 pi of TE buffer. 

About 6 pi of HjO and 2 pi of lOx AccI buffer (60 mM About 4 pi of the AccI-StuI-digested plasmid pS V2cat 

NaQ; 60 mM IMs-HQ, pH=7.5; 60 mM MgQj; 60mM so DNA were mixed with about 7 pi of the -032 kbAcd-PvuH 

DTT; and 1 mg/ml BSA) are added to the solution of the (with Bell Hnkers attached) restriction fragment of Ad2, and 

-2.4 W) Ball restriction fragment of Ad2. After die addition after tiie addition of 3 pi of lOx Ugase buffer, 15 pi of HjO, 

of about 2 pi (-10 units) of restriction enzyme AccI to flie and 2 pi (about 1000 units) of T4 DNA Ugase, the ligation 

solution of DNA, flie reaction is incubated at 37° C. for 2 reaction was incubated at 16° C. overnight. The ligated DNA 

hours. After the Acd digestion, the DNA is collected by 55 constituted the desired plasmid pLPcat a plasmid that 

ethanol precipitation and resuspendcd in 16 pi of HjO and con^jriscs the Ad2 late promoter positioned so as to drive 

2 pi of lOx Pvun buffer (600 mM NaQ; 60 mM TMs-HQ, transcription, and thus expression, of the chloran^enicol 
pH=7.5; 60 mM Mgdj; 60 niM DTT; and 1 mg/ml BSA). acetyltransferase gene. A restriction site and function map of 
After the addition of about 2 pi (about 10 units) of restriction plasmid pLPcat is presented in FIG. 5 of the accompanying 
enzyme PvuH to the solution of DNA, the reaction is « drawings -r ^ ^ 
incubated at 37' C. for 2 hours. xhe ligaled DNA was used to transform E. coU K12 

The Acd-Pvun-digested, -2.4 kb Bali restriction frag- HBlOl cells in substantial accordance wiUi Uie procedure of 

ment of Ad2 is loaded onto an -6% polyaciylamide gd and Example 3. The transformed cells were plated on L agar 

dectrophoresed until the -0.32 kb Acd-PvuII restriction containing 50 pg/ml anq>iciUin; restriction enzyme analysis 

fragment ftat comprises the Ad2 late promoter is sqiarated 6S of plasmid DNA was used to identify the E. coli K12 

fron the other digestion products. The gel is stained witti HBlOl^LPCat transf<Hmants. Plasmid pLPcat DNA was 

ethidium bromide and viewed using UV light and the isolated from the transfoimants fac use in subsequent con- 
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structions in substantial accordance with the plasmid isola- prqjaied for ligation in substantial accordance with the 

tion procedure described in Example 3. procedure of Example 4A. About 10 \ig of the desired 

B. Final Construction of Plasmid pBLcat fragment were obtained and dissolved in SO |il of TE buffer. 
About 88 pg of plasmid pBKneol DNA in SO |il of TE About 1 jig of plasmid pSV2cat DNAin 1 (il of TE buffer 

buffer were added to 7.5 pi of lOx Acd buffer, 30 (il of H^O, 5 ^^as dissolvedin 2 pi of lOx HindlH buffer and 16 pi of HjO. 

and 15 jil (about 75 units) of restriction enzyme Acd, and About 1 |il (about 10 units) of restriction enzyme Hindm 

die resulting reaction was incubated at 37° C. for 2 hours. ^as added to the solution of DNA, and the resulting reaction 

The AccI-digestedBK virus DNA was loaded on an agarose was incubated at 37° C for 2 hours. The reaction was 

gel, and the -1.4 kb fragment that contains the BK enhancer stopped by extracting the reaction mixture first with phenol, 

was separated from the other digestion products. The -1.4 lo then twice with chloroform. The Hindm-digested plasmid 

kbAccI restriction fragment was flien isolated in substantial pSV2cat DNA was precipitated with ethanol and lesus- 

accordance vntb the procedure described in Example 4A. pended in 100 ^1 of IE buffer. The HindUI-digested plasmid 

About S pg of the fragment were resuspended In 5 pi of lOx pSV2cat DNA was treated with calf-intestinal alkaline jdios- 

Pvun buffer, 45 pi of HjO, and 5 pi (about 25 units) of phatase in substantial accordance with the laroccdure of 

restriction enzyme PvuH, and the resulting reaction was is Example 2 and ttien resuspended in 10 pi of TE buffer, 

incubated at 37" C for 2 houB. The PvuH-digested DNA About 5 pi oflhc -0.87 kblHndniieslriction fragment of 

was then isolated and prepared for hgabon in substantial piasmidpBLcatwereaddedtothe lOplof Hindin-digested 

accordance with the procedure of Example 4A About 2 pg pigsnui pSV2cat, dnd Acn, 3 pi of lOx ligase buffer, 2 pi 

of the desired -1.28 kb AcqcT-Pvun fragment w«e obtained ^^^out 1000 units) of T4 DNAUgase, and 13 pi of H,0 were 

and dissolved in 5 pi of TCbuffw ^ . , , ^0 3^jtot,,^5^,„tio„^,f pjj^^ P^o„^as 

About 1 pg of plasimd pIJ>cat DNA was dissolved m 5 pi intubated at 16° C. for 2 hours. The ligated DNA constituted 

of lOx Acci buffer and 40 pi of H^O. About 5 pi (-25 umts) ^^^^ j^^^ gBLcat The ligated DNA was used to 

of restnction enzyme Acd were added to the solution of t^,fortaK coU K12 HBlOl in substantial accordance with 

plasmid pU-aitDNA, and the resultmg reacfaon was mcu- procedure of Example 3. The transformed cells were 

bated at 37° CTheAcd-digested plasmid pLPcat DNA was 25 l agar containing ampicillin, and fte plasmid 

prmpitated wfth eftanol and resuspen^ in 5 pi of lOx StuI pj^^ ampicillin-resistant transformants was cxam- 

boffcr, 40 Ml of HjO, and S pi (about 25 umts) of restnchon ^y restriction enzyme analysis to identify the E. coU 

enzymeStuI.andthcr«idtingreaction w^^ ^.^2 HBlOl/pSBLcat transfonnants. The -0.87 kb Hindm 

C. for 2 hours.TTK Acd-Stiil-digestedplasimdpLPcat DNA fra^^nt that encodes the BK enhancer and Ad2 
was precipitated with eftanol several tunes to punfy the 30 j,,^ Hindm-digested plasmid 
-4.81 kb Acd-StuI restnction fragment that comprises the ^^Lca^ ^ „f ^wo orientations, only one of which yields 
E coh oapn of rcphcation and Ad2 late promoter away ^^^^ sg^ca^ ^ restriction site and function map of 
from the other digestion product, a restriction fragment piasmidpSBLcat is presented in RG. 8 of the accompanying 
about 16 bp in size. About 1 of the desured --4.8 1 kb drawines 

restriction fragment was obtained and dissolved in 20 pi of 35 

TE buffer. EXAMPLE 6 

The 5 fil of -4.81 kb Acd-Stul restriction fragment of 

plasmid pLPcat were added to 5 pi of -1.28 kb AccI-PvuII Construction of Plasmid pL133 

resdlction fragment of BK vinis^ After toe addition of 3pl ^ Construction of Intermediate Plasmid pSV2.HPC8 

of lOx ligase buffer, 15 pi of H-O, and 2 pi (about 1000 40 *^ 
units)ofT4 DNAUgase to themixtureofDNA^theiesulting ^l^sraid pHC7 comprises a DNA sequence that encodes 
ligation reaction was incubated at 16*» C. overnight Hie ^ ^^^^'^^ l^broth containing 15 pg^ 

Ugated DNA constituted the desired plasmid pBLcat. A tetracycKne was inoculated with a culture ofK colt K12 
restriction site and function map of plasmid pBLcat is RRl/pHC7 (NRRLB-15926). and plasimd pHC7 DNA was 
presented in HG. 6 of the accon^anying drawings. 45 isolated and purified in substantial accordance with the 

The ligated DNA was used to transform E, coli K12 procedure of Example 3. About 1 mg of plasmid pHC7 DNA 
HBlOl cells in substantial accordance with the procedure obtained by this procedure, suspended in 1 ml of TE 

described in Exan^)le 3. E. coU K12 HBlOl/pBLcat trans- ^^^^^ "^O" A restriction site and function 

formants were identified by restriction enzyme analysis of of plasmid pHC7 is presented in HG. 9 of the accom- 

thdr plasmid DNA. Plasmid pBLcat DNA was prepared for 50 panying drawings. 

use in subsequent constructions in substantial accordance Fifty Ml of *c plasmid pHC7 DNA were mixed with 5 pi 
with the {H-ocedure of Exan^le 3. (-50 units) of restriction enzyme BanI, 10 pi of lOx Ban! 

reaction buffer (1.5M NaCl; 60 mM THs-HO, pH=7.9; 60 
EXAMPLE 5 mM Mga^; and 1 mg/ml BSA), and 35 pi of H^O and 

55 incubated until the digestion was complete. The Banl- 
Construction of Plasmid pSBLcat digested plasmid pHC7 DNA was then electrophoresed on a 

About 100 pg of plasmid pBLcat DNA were dissolved in 3.5% potyacrylamide gel (29:1, aciylamide:bisacrylamide), 
10 pi of lOx Hindin buffer (0.5M NaQ; O.IM Tris-HQ, until the -'L25 kb BanI restriction fragment was separated 
pH=8.0; O.IM MgQi; and 1 mg/ml BSA) and 80 pl of HjO. from the other digestion products. 

About 10 pi (about 100 units) of restriction enzyme Hindm 60 The region of the gel containing the -1.25 kb BanI 
were added to the solution of plasmid pBLcat DNA» and the restriction fragment was cut from the gel, placed in a test 
resulting reaction was incubated at 37*^ C. for 2 hours. The tube, and broken into small fragments. One ml of extraction 
Hindm-digested plasmid pBLcat DNA was loaded onto an buffer (500 mM NH4OAC, 10 mM MgOAc, 1 mM EDTA, 
agarose gel and electrophoresed until the -0.87 kb Hindm 1% SDS, and 10 mg/ml tRNA) was added to the tube 
restriction fragment that courses the BK enhancer and 6S containing the fragments, and the tube was placed at 37° C. 
Ad2 late promoter was well separated from the other diges- overnight Centrifugation was used to pellet the debris, and 
tion products; then, the --0.87 kb fragment was isolated and the supernatant was-transferred to a new tube. The debris 
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was washed once with 200 \j1 of extraction buffer, the wash 
supernatant was combined with the first supernatant from 
the overnight extraction. After passing the supernatant 
through a plug of glass wool, two volumes of ethanol were 
added to and mixed with the supernatant The resulting 
solution was placed in a dry ice-ethanoi bath for -10 
minutes, and then, the DNA was pelleted by centrifugation. 

Approximately 8 Mg of the --1.25 kb Baril restriction 
fragment were obtained by this procedure, the purified 
fragment was suspended in 10 pi of TB buffer and stored at 
-20** C The BanI restriction fragment had to be modified by 
the addition of a linker to constract plasmid pSV2-HPC8. 
The DNA fragments used in the construction of ttie linker 
were synthesized cither by using a Systec 1450A DNA 
Synthesizer (Systec Inc., 3816 Chandler Drive, 
Minneapolis, Minn.) or an ABS 380A DNA Synthesizer 
(Applied Biosystems, Ina, 850 Lincoln Centre Drive, Foster 
City, Calif. 94404). Many DNA synthesizing instruments are 
known in the art and can be used to make the fragments. In 
addition, the fragments can also be conventionally prepared 
in substantial accordance with the procedures of Itakura et 
al., 1977,Science, 198:1056 and Creaetal., 1978, Ptoc. Nat 
Acad. ScL U.S.A., 75:5765. 

Five hundred picomoles of each single strand of the link^ 
were Mnased in 20 ^1 of reaction buffer, which contained 15 
units (-0.5 pi) T4 polynucleotide kinase, 2 yl lOx ligase 
buffer, 10 jil of 500 pM ATP, and 7.5 pi of H2O. TTie kinase 
reaction was incubated at 37° C. for 30 minutes, and the 
reaction was terminated by incubation at 100* C. for 10 
minutes. In order to ensure conq)lete Idnation, the reaction 
was chilled on ice, 2 pl of O^M dithiothreitol, 2.5 pi of 5 
mM ATP, and 15 units of T4 polynucleotide kinase were 
added to the reaction mixture and mixed, and the reaction 
mixture was incubated another 30 minutes at 37° C. The 
reaction was stopped by another 10 minute incubation at 
100° C. and then chilled on ice. 

Although kinased separately, the two single strands of the 
DNA linker were mixed tpgethw after the kinase reaction. 
To anneal the strands, the kinase reaction mixture was 
incubated at 100** C. for 10 minutes in a water bath con- 
taining -150 ml of water. After this incubation, the water 
bath was. shut off and allowed to cool to room temperature, 
a process taking about 3 hours. The water bath, stiU con- 
taining the tube of kinased DNA, was then incubated at 4° 
C. overnight. This process annealed the single strands. The 
linker constructed had the following structure: 

3'-AGCnTGATCAG-3' 

IIIIIMI 

3*-AACTAGrCCACG-5' 

ITie linker was stored at -20° C. until use. 

The -8 pg of -1.25 kb BanI fragment were added to and 
mixed with the -50 pi of linker (-500 picomoles), 1 pi of T4 
DNA ligase (-500 units), 10 pi of lOx ligase buffer, and 29 
pi of HjO, and the resulting ligation reaction was incubated 
at 4° C. overnight The ligation reaction was stopped by a 10 
minute incubation at 65° C. The DNA was pelleted by 
adding NaOAc to a final concentration of 0.3M, adding 2 
volumes of ethanol, chilling in a dry ice-ethanol bath, and 
then centrifuging the solution. 

The DNA pellet was dissolved in 10 pi of lOx Apal 
reaction buffer (60 mM NaQ; 60 mM Tris-HQ, pH=7.4; 60 
mM MgClj; and 60 mM 2-mercaptoethanol), 5 pi (-50 
units) of restriction enzyme Apal, and 85 pi of H^O, and the 
reaction was placed at 37° C, for two hours. The reaction 
was tiien stopped and the DNA pelleted as above. The DNA 
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pellet was dissolved in 10 pi of lOx Etindm reaction buffer, 
5 pi (-50 units) of restriction enzyme Hindin, and 85 pi of 
HjO, and the reaction was placed at 37° C. for two hours. 
After the HindDI digestion, the reaction mixture was loaded 

5 onto a 3^% polyaoylamide gel, and the desired -1,23 kb 
Hindm-Apal restriction fragment was isolated in substantial 
acconlance with the procedure described in Example 4A. 
Approximately 5 pg of the desired fragment were obtained, 
suspended in 10 pi of TE buffer, and stwed at -20° C. 

Fifty pi of plasmid pHC7 DNA were mixed with 5 pi (-50 
units) of restriction enzyme Pstit, 10 pi of lOx PstI reaction 
buffer (l.OM NaQ; 100 mM Tris-HQ, pH=7.5; 100 mM 
MgQa; and 1 mgtol BSA), and 35 pi of HjO and incubated 
at 37° C. for two hours. The Pstl-digested plasmid pHC7 
DNA was then electrophoresed on a 3.5% polyacrylamidc 
gel, and the desired -0.88 kb fragment was purified in 
substantial accordance with the procedure described above. 
Approximately 5 pg of the desired fragment were obtained, 
suspended in 10 pi of TE buffer, and stored at -20° C. 
The -5 pg of -0.88 kb Psa fragment were added to and 

^° mixed with -50 pi of the following linker, which was 
constructed on an automated DNA synthesizer. 

y-CSTGATCAAO' 
lllllltl 
25 3'-ACGTCACTAarTCTAG-5' 

About 1 pi of T4 DNA ligase (-10 units), 10 pi lOx ligase 
buffer, and 29 pi H^O were added to tiie mixture of DNA, 
and the. resulting ligation reaction was incubated at 4° C. 

30 overnight. - 

The ligation reaction was stopped by a 10 minute incu- 
bation at 65° C. After precipitation of the ligated DNA, the 
DNA pellet was dissolved in 10 pi of lOx Apal reaction 
buffer, 5 pi (-50 units) of restriction enzyme ApaL and 85 pi 

35 of HjO, and the reaction was placed at 37° for two hours. 
The reaction was then stopped and the DNA pelleted once 
again. The DNA pellet was dissolved in 10 pi lOx BgUI 
reaction buffer (IM NaQ; 100 mM Tris-HQ, pH=7.4; 100 
mM MgQj; 100 mM 2-mercaptoethanol; and 1 mg/ml 

40 BSA), 5 pi (-50 units) of restriction enzyme BgUL and 85 
pi H2O, and the reaction was placed at 37° C. for two hours. 
After the BgUE digestion, the reaction mixture was loaded 
onto a 3.5% polyacrylamide gel, and the desired -0.19 kb 
Apal-BgUK restriction fragment was isolated in substantial 

45 accordance with the procedure described above. Approxi- 
mately 1 pg of the desired fragment was obtained, suspended 
in 10 pi of TE buffer, and stored at -20° C. 

Apjs^Qximately 10 pg of plasmid pSV2gpt DNA (ATCC 
37145) were dissolved in 10 pi of lOx Hindm reaction 

50 buffer, 5 pi (-50 units) of restriction enzyme Hindm, and 85 
pi of H2O, and the reaction was placed at 37° C. for 2 hours. 
The reaction mixture was then made 0.25M in NaOAc, and 
after the addition of two volumes of ethanol and incubation 
in a dry ice-ethanol bath, the DNA was pelleted by centrifu- 

55 gation. The DNA pellet was dissolved in 10 pi of lOx BgUI 
buffer, 5 pi (-50 units) of restriction enzyme Bgin, and 85 
pi of HjO, and the reaction was placed at 37° C. for two 
hours. After the BgUI digestion, the reaction mixture was 
loaded onto a 1% agarose gel, and the fragments were 

60 separated by electrophoresis. The gel was stained with 
ethidium bromide and viewed under ultraviolet light, and the 
band containing the desired -5.1 kb HindDI-Bgin fragment 
was cut from the gel and placed in dialysis tubing, and 
electrophoresis was continued until the DNA was out of the 

65 agarose. The buffer containing the DNA from the dialysis 
tubing was extracted with phenol and CHQa, and then, the 
DNA was precipitated. The pellet was resuspended in 10 pi 
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of TE buffer and constituted -5 pg of the desired -5.1 kb Two pi of the -0.29 kb HindlH-Sall fragment of plasmid 

HindCn-Bgin restriction fragment of plasmid pSV2gpt. pSV2-HPC8. 2 pi of the -1.15 kb SaU-Bgin fragment of 

Two pi of the ~1 .23 kb HindHI-Apal restriction fragment, plasmid pSV2-HPC8, and 2 pi of the -4.2 kb Hiodm-BgUI 

3 pi of the -0.19 kb Apal-Bgin fragment, and 2 pi of the fragment of plasmid pSV2-P-globin were mixed together 

-5.1 kb Hindm-BgUI fragment were mixed together and 5 and ligated in substantial accordance with the procedure of 

then incubated with 10 pi of lOx ligase buffer, 1 pi of T4 Exan^le 6A. The Kgated DNA constituted the desired 

DNA Ugase (-500 units), and 82 pi of HjO at 16** C. plasmid pL133; a restriction site and function map of 

overnight The Hgated DNA constituted the desired plasmid piasmid pL133 is presented in FIG. 9 of the accompanying 

PSV2-HPC8; a restriction site and function map of the drawings. The desired E, coli K12 RRl/pL133 transfor- 

plasmid IS presented in FIG. 9 of the accompanying draw- constructed in substantial accordance with the 

T coU K12 RRl (NRRL 6-15210) ceUs were made 'ff^^^lf,?^^^^ 

competentfortiansfoiniationinsubstantialaccordancewith ^^^33* '^^S^^ ^^^"^"^ pSV2-HPC8, was used as the 

the procedure described in Exaii4)le 2. The ligated DNA transtOTramg DNA. 

prepared above was used to transform the cells, and aliquots HVAMPLE 7 

of the transformation mix were plated on L-agar plates 

containing 100 pgftnl anmidllin. The plates wore tiien r'^^ch,,^'^^ oio««iH «t pt 

incubated at 3T C E. coUim RRl/pSV2.HPC8 transfor- Construction of Plasmid pLPC 

mants were verified by restriction enzyme analysis of their About 20 pg of plasmid pBLcat DNA were dissolved in 

plasmid DNA. 10 pi of lOx Hindfll buffer and 80 of HjO. About 10 pi 

B. Final Construction of Plasmid pL133 20 (^iqq units) of restriction enzyme Hindm were added to the 
Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi solution <rf plasmid pBLcat DNA, and the resulting reaction 

of lOx Hindm reaction buffer, 5 pi (-50 units) of restriction incubated at 37* C for 2 hours. The Hindni-digested 

enzyme Hindm^ and 85 pi of H^O, and ttie reaction was ^^^^ ^^c^^ j^^^ ^^^^ ^ 1 

incubated at 37° C. for two hoiffs. Ato the Hmdm electrophoresed until the -0.^ kb Hindm restriction frag- 

digestion the DNA was prec^^^ 25 ment that comprises the BK enhancer and Ad2 late promoter 

was dissolved in 10 pi lOx SaUreaction buffer (1.5M NaCl; „ ^*u„ 

60 mM Tris-HCl, pH=7.9; 60 mM MgCl,; 60 mM was s^ai^ed from the oth« dig^^^^^ 

2-mercaptoethanol; and 1 mg/ml BSA). 5 pi (-50 units) of -0 87 kb fragment was isokted and prepared for hgation m 

restrictionen2ymeSalI,and85plofH,O.ThercsultingSaU substantial accordance with the procedure of Sample 4A. 

reaction mixture was incubated for 2 hours at 37« C. The About 2 pg of the desired fragment were obtained and 

Hindm-Sall-digestcd plasmid pSV2-HPC8 was loaded onto dissolved in 5 pi of TE buffer. 

a 3.5% polyacrylamidc gel and electrophoresed until the About 1J5 pg of plasmid pL133 DNA was dissolved in 2 

desired -0.29 kb Hindm-Sall restriction fragment was sepa- pi of lOx Hindm buffer and 16 pi of HjO. About 1 pi (-10 

rated from the other reaction products. The desired fragment units) of restriction enzyme Hindm was added to the 

was isolated from the gel; about 2 pg of the fragment were solution of DNA, and the resulting reaction was incubated at 

obtained and suspended in 10 pi of TE buffer. 35 3-^0 q 2 hours. The DNA was then diluted to 100 pi with 

Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi XE buffer and treated with calf-intestinal alkaline phos- 

of lOx Bgm reaction buffer, 5 pi (50 units) of restriction phatase in substantial accordance with the procedure in 

enzjroe Bgl^ and 85 pi of H^O, and the reaction was Exaii^)le 2. The Hindm-digested plasmid pL133 DNA was 

incubated at 37° C. for two hoi^s. After the Bgm digcsUon ^^^^^^^^ ^^.^ j^^^^j chlcrofomi, 

theDNAwaspreapitoted, andtheD^^ dissolved 40 ^^^ ^^^^ ethanol, and resuspended in 10 pi of TE 

in 10 pi of lOx San reaction buffer, 5 pi (-50 umts) of ^^^.^ ^ ^ 

restriction enzyme SalL and 85 pi of H^O. The resulting Sail ^ 1 rto^ii.« .ittf * * 

reaction mixture was incubated for 2 hours at 37« C Hie , About 5 pi of the ^.87 kb Hmdm restnc^on ta^^ 

San-Bgm-digested plasmid pSV2-HPC8 was loaded onto a P asmidpBUat were added to the 1.5 pi of Hmdm-digested 

3.5% polyaciylamide gd and electrophoresed until the 45 Plf^^ pL133 and &en pi of lOx hgase hv&^ 1 pi 

desired^l.l7kb Sall-Bgm restriction fragment was sepa- ('i^OO umts) of T4 DNA hgase, and 1.5 pi of H,0 were 

rated from the other reaction products. The -1.15 kb SaH- added to the solu^on of DNA^andtheresulUng reacUon^^ 

Bgmrestriction fragment was isolated from the gel; about 8 "J^ubated at 16« C overnight The hgated DNA constiUited 

pgof fragmentwcreobtainedandsuspendedin lOplofTC ^^e desired pksrmd ^ A restnc^on sue and function 

buffer 50 plasmid pLPC is presented in FIG. 10 of the 

Approximately 10 pg of plasmid pSV2-p.globin DNA accompanying drawings. 

(NRRL B-15928) were dissolved in 10 pi of lOx Hindm The ligated DNA was used to transform E. coli K12 

reaction buffer, 5 pi (-50 units) of restriction enzyme HBlOl in substantial accordance with the procedure of 

Hindm, and 85 pi of H^O, and the reaction was placed at 37* ExanD5)le 3. The transformed cells were plated on L agar 

C. for 2 hours. The reaction mbtturc was ttien made 0.25M 55 containing ampicillin, and the plasmid DNA of the 
in NaOAc, and after the addition of two volumes of ethanol ampicOlin-rcsistant transfoimants was examined by restric- 
and incubation in a dry ice-ethanol bath, the DNA was tion enzyme analysis to identify the E, coli K12 HBlOl/ 
peUeted by centrifugation. The Hindm-digested plasmid pLPC transformants. The -0.87 ki> Hindm restriction frag- 
pSV2-P-globin was dissolved in 10 pi of lOx Bgm buffer, ment that encodes the BK enhancer and Ad2 late promoter 
5 pi (-50 units) of restriction enzyme Bgin, and 85 pi of 60 could insert into ffindm-digestcd plasmid pL133 in one of 
HjO, and the reaction was placed at 37° C. for two hours. two orientations, only one of which yields plasmid pLPC. 
After the Bgm digestion, the reaction mixture was loaded rrvAiV/fPi p r 

onto a 1% agarose gd, and the fragments were separated by EXAMPLE 8 

electrophoresis. Tlie desired -4.2 kb Hindm-Bgin re^^ Construction of Plasmids pLPC4 and pLPC5 

tion fragment was isolated from the gd; about 5 pg of the 65 

desired fragment were obtained and suspended in 10 pi of About 1 pg (1 pi) of the BK virus DNA prepared in 

TE buffer. Exan^>le I and 1 pg of plasmid pLPC (I pi) were dissolved 
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in 2 Ml of lOx EcoRI buffer and 14 pi of HjO. About 2 m1 units) of restriction enzyme StuI were added to the solution 
(*-10 units) of restriction enzyme EcoRI were added to the of DNA, and the resulting reaction was incubated at 3T C. 
solution of DNA, and the resulting reaction was incubated at for 2 hours. The Stul-digestcd plasmid pLPC DNA was 
37° C. for 2 hours. The EcoRI-digested mixture of BK virus precipitated with ethanol, collected by centrifugation, and 
and plasmid pLPC DNA was extracted once with buffered 5 resuspended in 2 jil of lOx Ndel buffer (1.5M NaQ; O.IM 
phenol and once with chlorofonn. Then, the DNA was Tris-HCl, pH=7.8; 70 mM MgCl^; 60 mM 
collected by adjusting the NaQ concentration to 0.25M, 2-n«Tcaptoethanol; and 1 mgAnl BSA) and 16 pi of HjO. 
adding two vokmes of ethand, incubating the solution in a About 2 pi (-10 units) of restriction enzyme Ndel were 
dry ice-ethanol bath for 2 minutes, and centrifuging the added to the solution of Stul-digested DNA, and the result- 
solution to pellet the DNA. The supernatant was discarded, lo ing reaction was incubated at 37° C. for 2 hours, 
and thePNApdlet was rinsed with 70% ethanol, dried, and The Ndel-StuI-digested plasmid pLPC DNA was precipi- 
icsuspended in 12 pi of TE buffer. tated with ethanol, collected by centrifugation, and resus- 

About 13 Ml of HjO and 3 pi of lOx Ugase buffer were pended in 5 pi of lOx Klenow buffer and 40 pi of H^O. 

added to the EcoRI-digested mixture of BK virus and About 5 pi (-25 umts)of Klenow enzyme were added to the 

plasmidiaj>CDNA.Two pi (-1000 units) (rfT4DNAligasc 15 solutionof DNA, and the resulting reaction was incubated at 

were added to the solution of DNA, and the resulting 16° C. for 30 minutes. After the Klenow reaction, the 

reaction was incubated at 16° C. for 2 hours. The ligated reaction mixture was loaded onto an agarose gel, and the 

DNA constituted the desired plasraids pLPC4 and pLPC5, -5.82 kb Ndel-StuI restri(^on fragment was isolated from 

which differ only with respect to the orientation of the the gd. About 5 pg of the desired fragment were obtained 

inserted BK virus DNA. A restriction site and function map 20 and suspended in 5 pi of TE buffer, 

of plasmid pLPC4 is presented in HG. 11 of the accompa- About 2 pi of the -2.5 kb Klenow-treated BamHI restric- 

nymg drawmgs. tion fragment of fdasmid pSV2hyg were mixed with about 

The ligated DNA constituted the desired plasmids pLPC4 1 pi of the -5.82 kb Klenow-treated Ndel-StuI restriction 

pLPC5 and was used to transform E. coU K12 HBlOl fragment of plasmid pLPC, and about 3 pi of lOx ligasc 

competent cells in substantial accordance with the procedure ^ buffcr,2 plof T4DNAligase(~1000units), 1 pi ofT4RNA 

of Example 3. The transformed cells were plated on L agar ligase (-1 unit), and 14 pi of HjO were added to the solution 

containing 100 pg/ml anqjidllin. The E, coU K12 HBlOl/ of DNA The resulting reaction was incubated at 16° C. 

pLPC4and £. c«>/( K12 HB101/pLPC5 transformants were overnight The ligated DNA constituted the desired plasmids 

identified by their ampidllin-resistant phenotype and by pLPChygl and pLPChyg2, which differ only with respect to 

restriction enzyme analysis of their plasmid DNA. ^ the orientation of the -2.5 kb Klenow-treated, BamHI 

EXAMPLE 9 restriction fragment of plasmid pSV2hyg. A restriction site 

and function map of plasmid pLPChyg 1 is presented in FIG. 

Construction of Plasmids plPChygl and 13 of the accoiiq)anying drawings. The ligated DNA was 

pLPChyg2 used to transform E, coU K12 HBlOl in substantial accor- 

£. coU K12 RRl/pSV2hyg cells are obtained from die ^^^^ ^^^^ procedure of Exaiiq)lc 3. The desired £. coli 

Ncathexn Regional Research Laboratory under the accession HBlOl/pLPChygl and E, coli K12 HB101/pLPChyg2 

number NRRL B-18039. Plasmid pSV2hyg DNA is tranrfwTnants were plated on L agar containing ampidllin 

obtained from the cells in substantial accordance with the identified by restriction enzyme analysis of their plas- 

proccdureof Example 3. A restriction site and function map ^ nudDNA. 

of plasmid pSV2hyg is presented in FIG. 12 of the accom- EXAMPLE 10 
panying drawings. 

About 10 pg (in 10 pi of TE buffer) of plasmid pSV2hyg Construction of Plasmid pBW32 

were added to 2 pi of lOx BamHI buffer and 6 pi of H2O. A. Construction of Intermediate Plasmid pTPA103 

About 2 pi (about 20 units) of restriction enzyme BamHI 45 plasmid pTPA102 comprises the coding sequence of 

were added to the solution of DNA, and the resulting human tissue plasminogen activator (TPA). Plasmid 

reaction was mcubated at 37*' C. for 2 hours. The reaction pTPA102 can be isolated from E. coli K12 MM294/ 

was extracted first with phenol and tfien was extracted twice pTPA102, a strain available from the Northern Regional 

with chlOToform The BamHI-digested plasmid pSV2hyg Research Uboratory under the accession number NRRL 

DNA was loaded onto an agarose gel, and the hygromydn 50 B- 15834. A restriction site and function map of plasmid 

resistance gene-containing, -2.5 kb restriction fragment was pTPA102 is presented in FIG. 14 of the accompanying 

isolated in substantial accordance with the procedure drawings. Plasmid pTPA102 DNA is isolated from E. coU 

descnbed in Example 4A K12 MM294/pTPA102 in substantial accordance with the 

About 5 pi of lOx Klenow buffer (0.2 mM in each of the procedure of Exajiq)le 2. 

four dNTPs; 0.5M Tris-HO, pH.=7.8; 50 mM MgCl^; O.IM 55 About 50 pg of plasmid pTPA102 (in about 50 pi of TE 

2-merc^toethanol; and 100 pg/ml BSA) and 35 pi of H^O buffer) were added to 10 pi of lOx TthllU buffer (0.5M 

were added to the solution of BamHI-digested plasmid NaQ; 80 mM TWs-HQ, pH=7.4; 80 mM MgCl^; 80 mM 

pSV2hyg DNA, and then, about 25 units of Klenow enzyme 2-mercaptocthanol; and 1 mg/ml BSA) and 80 pi of H^O. 

(about 5 pi, as marketed by BRL) were added to the mixture About 10 pi (-50 units) of restriction enzyme TdiUlI were 

of DNA, and the resulting reaction was incubated at 16*' C. 60 added to the solution of DNA, and the resulting reaction was 

for 30 mmutes. Hie Klenow-treated, BamHI-digested plas- incubated at 65° C. for 2 hours. The reaction mixture was 

mid pSV2hyg DNA was extracted once with phenol and loaded onto an agarose gel, and the -4.4 kb TthllU rcstrio- 

once with chloroform and then precipitated with ethanol. don fragment that comprises the TPA coding sequence was 

About 2 pg of the desired fragment were obtained and isolated from the geL The other digestion products, 3.1 kb 

suspended in 5 pi of TE buffer. 65 and 0.5 Id) restriction fragments, were discarded. About 10 

About 10 pg (10 pi) of plasmid pLPC DNA were added pg of the desired -4.4 kb TthllU restriction fragment were 

to 2 pi of lOx StuI buffer and 6 pi of HjO. About 2 pi (-10 obtained and suspended in 10 pi of TE buffer. 



buffer. 
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About 5 pi of lOx Klenow buffer and 30 pi of HjO were BainHI digestion, the reaction mixture was loaded onto an 

added to the solution comjprising the -4.4 kb Tthllll agarose gel, and the -2.0 kb BamHI-Hindin restriction 

restriction fragment, and after the further addition of about fragment was isolated from the gd. About 4 >ig erf the desired 

5 Ml of Klenow enzyme (-5 units), the reaction mixture was fragment were obtained and suspended in about 5 pi of TE 

incubated at 16° C. for 30 minutes. After the Klenow ^ 
reaction, the DNA was precipitated with ethanol and resus- 

pended in 3 pi of lOx ligase buffer and 14 pi of H2O. To construct plasmid pTPA103, the -2.0 kb BamHI- 

, „ . , ^. , ^ ^ ^ ^ . ^ HindnE restriction fragment derived from plasmid pTPA102 

Bamffl imkcrs (New England Biolabs), which had die BamHI-ffindn-Mgested plasmid pRC. 

foUowing sequence: 10 p^^^^ constructed by inserting an -288 bp 

5'-CGGATCCG-3* EcoRKlal restriction fragment that comprises the promoter 

I I I I 1 1 I I and operator (trpPO) sequences of the E. coU trp operon into 

3'.GCCTAGC3C.5', EcoRI-CM-digested plasmid pKC7. Plasmid pKC? can be 

15 obtained from the American T^pe Culture Collection in E. 

were kinased and prepared for ligation by the following coU K12 N10(ypKC7 under the accession number ATCC 

procedure. Four pi of linkers (-2 pg) were dissolved in 20.15 37084. The -288 bp EcoRI-Clal restriction fragment that 

pi of H2O and 5 pi of lOx kinase buffer (500 mM Tris-HCL con^rises the tipPO can be isolated from plasmid pTPA102, 

pH=7.6 and 100 mM MgQ^), incubated at 90° C. for two ^ ^^^^^^^ ^^^^^ ^ ^12 MM294/pTPA102 

room tempa^ure. Five of 20 ^^^^ B-15834). Plasmid pKC7 and plasmid pTPA102 

yJ^P-ATP (-20 pQ), 2.5 pi of IM DOT, and 5 pi of 1,^^^ u • ^ *. ^ t- ^ fir 

1 1 J 1 • / 1 n •* ^ „ AA *u I>NA can be obtained from the aforeraenUoned cell lines in 

polynucleotide kinase (-10 umts) were added to the mixture, ^ ^ ^ 

which was then incubated at 37° C. for 30 minutes. Then, substantial accordance with the procedure of Example 3. 

3.35plof0.01MArPand5plofkinasewcreadded,andthe This -0.29 kb EcoRI-Qal restriction fragment of plasmid 

reaction was continued for another 30 minutes at 37^ C. The 25 pTPA102 com^iriscs the transcription acdvating sequence 

radioactive ATP aids in determining whether the linkers have and most of the translation activating sequence of the £". coli 

Hgated to the tai]get DNA. trp gene and has the sequence depicted below: 

10 20 30 40 50 

5'-AATTCACGCT GTGarGTTAT GGTCGGTGGT CGCTAGGGTG CCGACCX;GCA 

II I ill III 1111)11 Mill (III I llllllllll lllllllll) 

3'-GrC5CGA CACCACAATA CCAGCCACCA GCGATCCCAC GGCTGCGCGT 

60 70 80 90 100 

TCTCGACTGC ACGGTGCACC AATGCTTCTG GCGTCAGGCA GCCAATCGGA 

illlllllll llllllllll llllllllll llllllllll llltllllll 

AGAGCTGACG TGCCACGTGG TTACOAAGAC CGCAGTCCCrT CGGTTAGCCT 

UO 120 130 140 150 

AGCTGTGGTA TGGCTGTGCA GGTCCrTATAA TCACCGCATA ATTCGAGTCG 
llllllllll llllllllll llllllllll llllllltll llllllllll 
TCGACACCAT ACCGACACGT CCAGCATATT AGTGGCGrAT TAAGCTCAGC 

160 170 180 190 200 

CTCAAGOCGC ACTCCCGTTC CGGATAATGT TTTTTGCTCC GACATCATAA 
llllllllll llllllllll llllllflll Itllllllll llllllllll 
GAGTTCCGCG TGAGGGCAAG GCCTATTACA AAAAACGAGG CTGTAGTATT 

210 220 230 240 250 

CGOTTCCGGC AAATATTCTG AAATGAGCTG TTGACAATTA ATCATCGAAC 
llllllttll llllllllll llllllllll llllllllll llllllllll 
GCCAAGGCCG TTTATAAGAC TTTACTCGAC AACTGTTAAT TAGTAGCTTG 

260 270 280 287 

TAGTTAACTA GTACGCAAGT TCTCGTAAAA AGGGrrAT-3' 
llllllllll IllllllttI lllltlitll tllliil 
ATCAATTGAT CATGCGTTCA AGAGCATTTT TCCCATAGC-5* 



About 10 pi of die kinased BamHI linkers were added to 
the solution of -4.4 kb Tthllll restriction fragment, and 55 
after the addition of 2 pi of T4 DNAUgase (-1000 units) and 
1 pi of T4 RNA ligase (-2 units), the ligation reaction was 
incubated overnight at 4** C. The ligated DNA was precipi- 
tated with ethanol and resuspended in 5 pi of 1 Ox HindUI 
buffer and 40 pi of HjO. About 5 pi (-50 units) of restriction ^ 
enzyme Hindin were added to the solution of DNA, and the 
resulting reaction was incubated at 37** C. for 2 hours. 

The Hindm-digested DNA was precipitated with ethanol 
and resuspended in 10 pi of lOx BamHI buffer and 90 pi of 
H2O. About 10 pi (-100 units) of restriction enzyme BamHI 63 
were added to the solution of DNA, and the resulting 
reaction was incubated at 37** C. for 2 hours. After the 



Thus, to construct plasmid pRC, about 2 pg of plasmid 
pKC7 in 10 pi of TE buffer were added to 2 pi of lOx Qal 
buffer (0.5M NaCl; 60 mM Tris-HQ, pH=7.9, 60 mM 
MgClj; and 1 mg/ml BSA) and 6 pi of HjO. About 2 pi (-10 
units.) of restriction enzyme Clal were added to the solution 
of plasmid pKC7 DNA, and the resulting reaction was 
incubated at 37** C. for 2 hours. Hie Clal-digcstcd plasmid 
pKC7 DNA was precipitated with ethanol and resuspended 
in 2 pi of lOx EcoRI buffer and 16 pi of HjO. About 2 pi 
(-10 units) of restriction enzyme EcoRI were added to the 
solution of Clal-digcsted plasmid pKC7 DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. 

The EcoRI-Qal-digcsted plasmid pKC7 DNA was 
extracted once with phenol and then twice with chloroform. 
The DNA was then precipitated with ethanol and rcsus- 
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pended in 3 pi of lOx ligase buffer and 20 pi of HjO. A 
lestiiction site and function map of plasmid pKC7 can be 
obtained from Maniatis et aL, Molecular Cloning (Cold 
Spring HarbcH" Laboratory, 1982), page $. 

About 20 \ig of plasmid pTPA102 in about 20 Ml of TE 
buffer were added to 10 pi of lOx Oal buffer and 60 pi of 
H2O. About 10 jil (-50 units) of restriction enzyme Qal 
were added to the solution of plasmid pTPAI02 DNA, and 
the resulting reaction was incubated at 37** C. for 2 hours. 
The Qal-digested plasmid pTPA102 DNA was precipitated 
with ethanol and resuspended in 10 pi of lOx EcoRI buffer 
and 80 pi of H2O. About 10 pi (-50 units) of restriction 
enzyme EcoRI were added to the solution of Gal-digested 
plasmid pTPA102 DNA, and the resulting reaction was 
incubated at 37* C. for 2 hours. 

The EcoRI-Qal-digested plasmid pTPA102 DNA was 
extracted once with phenol, loaded onto a 7% polyacryla- 
mide gel, and electrophoresed until the -288 bp EcoRI-Clal 
restriction fragment that comprises the tcpPO was separated 
from the other digestion products. The -288 bp EcoRI-Qal 
restriction fragment was isolated from the gel; about 1 pg of 
the desired fragment was obtained, suspended in 5 pi of TE 
buffer, and added to the solution of EcoRI-dal-digcstcd 
plasmid pKC7 DNA prepared as described above. About 2 
pi (-1000 units) of T4 DNA ligase were then added to the 
mixture of DNA, and the resulting ligation reaction was 
incubated at 16° C. for 2 hours. The ligated DNA constituted 
the desired plasmid pRC DNA 

The ligated DNA was used to transform E. coU K12 
HBlOl competent cells in substantial accordance with the 
procedure of Exanaple 2. The transformed cells were plated 
on L agar containing 100 pg/mi ampidllin, and the 
an^icillin-rcsistant transfoimants were screened by restric- 
tion enzyme analysis of their plasmid DNA to identify the 
desired E. coli K12 HBlOl/pRC colonies. Plasmid pRC 
DNA was obtained from the E. coli K12 HBlOl/pRC 
transformants in substantial accordance with the procedure 
of Example 3. 

About 2 pg of plasmid pRC DNA in 2 pi of TE buffer were 
added to 2 pi of lOx HindDI buffer and 16 pi of HjO. About 
2 pi (-10 units) of restriction enzyme Hindm were added to 
the solution of plasmid pRC DNA, and the resulting reaction 
was incubated at 37° C. for two hours. The HindlH-digested 
plasmid pRC DNA was prec^)itated with ethanol and resus- 
pended in 2 pi of lOx BamHI buffer and 16 pi of H2O. About 

2 pi (-10 units) of restriction enzyme BamHI were added to 
the solution of Hindm-digested plasmid pRC DNA, and the 
resulting reaction was incubated at 37** C. for 2 hours. 

The BamHI-Hindlll-digested plasmid pRC DNA was 
extracted once with phenol and then twice with chlorofomL 
The DNA was precipitated with ethanol and resuspended in 

3 pi of lOx ligase buffer and 20 pi of H2O. ITie -4 pg (in -5 
pi of TE buffer) of -2.0 M) Hindm-BamHI restriction 
fragment of plasmid pTE\lQ2 were then added to the 
solution of BamHI-Hindin-digested plasmid pRC DNA. 
About 2 pi (-1000 units) of T4 DNA ligase were added to 
the mixture of DNA, and the resulting reaction was incu- 
bated at 16° C. for 2 hours. The ligated DNA constituted the 
desired plasmid pTPA103 DNA 

To reduce undesired transfoimants, the ligated DNA was 
digested with restriction enzyme Ncol, which cuts plasmid 
pRC but not plasmid pTPA103. Thus, digestion of the 
ligated DNA with Ncol reduces undesired transformants, 
because linearized DNA transfonns K coli at a lower 
frequency than dosed, circular DNA. To digest the ligated 
DNA, the DNA was first precipitated with e^anol and then 
resuspended in 2 pi of lOx Ned buffer (1.5M NaO; 60 mM 



1,932 

38 

Tris-HCl, pH=7.8; 60 mM MgQa; and 1 mg/ml BSA) and 
16 pi of H2O. About 2 pi (-10 units) of restriction enzyme 
Ncol were added to the solution of DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. 

5 The ligated and then Ncol-digcstcd DNA was used to 
transfOTm E, coli K12 RV308 (NRRL B- 15624). £. coU K12 
RV308 cells were made competent and transformed in 
substantial accordance with the procedure of Exaix^)le 3. 
The transformation mixture was plated on L agar containing 
100pg/mlampiciinn.TheampiciUin-resistanttransfocnmnts 
were tested for sensitivity to kanamydn, for though plasmid 
pRC confers kanamydn resistance, plasmid pTPA103 does 
not The ampidllin-resistant, kanamycin-sensitive transfor- 
mants were then used to prepare plasmid DNA, and die 
plasmid DNA was examined by restriction enzyme analysis 
to identify the E coU K12 RV308/pTPA103 transformants. 
A restriction site and function map of plasmid pTPA103 is 
presented in FIG. 14 of the accon^anying drawings. Plas- 
mid pTPA103 DNA was isolated from the E. coli K12 
RV308/pTPA103 cells in substantial accordance with the 

^ procedure of Example 3. 

B. Construction of Intermediate Plasmid pBW25 

About 1 pg of plasmid pTPAl 03 DNAin 1 pi of TE buffer 
was added to 2. pi of lOx Bglll buffer and 16 pi of HjO. 
About 1 pi (-5 units) of restriction enzyme Bgin was added 

" to the solution of plasmid pTPA103 DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. The BgUI- 
digested plasmid pTPA103 DNA was predpitated with 
ethanol and resuspended in 5 pi of lOx Klenow buffer and 
44 pi of HjO. About 1 pi of klenow enzyme (1 unit) was 

*° added to the solution of BgUI-digested plasmid pTPA103 
DNA, and the resulting reaction was incubated at 16° C. for 
2 hours. The Klenow-trcated, BglH-digested plasmid 
pTPA103 DNA was predpitated with ethanol and resus- 
pended in 3 pi of lOx ligase buffer and 22 pi of HjO. 

About 2 pi (0.2 pg) of unkinased Ndel Unkers (New 
England Biolabs) of sequence: 

5'-CCATATGG-3' 
ttllllll 

K, 3'-GGTATACC-5' 

were added to the solution of Klenow-treated, BgUI- 
digested plasmid pTPA103 DNA, together with 2 pi (-1000 
units) of T4 DNA ligase and 1 pi (-2 units) of T4 RNA 
45 ligase, and the resulting ligation reaction was incubated at 4° 

C. overnight. The ligated DNA constituted plasmid 
pTPA103dcrNdeI, which is substantially similar to plasnriid 
pTPA103, except plasmid pTPA103derNdeI has an Ndd 
recognition sequence where plasmid pTPA103 has a BgtH 

50 recognition sequence. 

The ligated DNA was used to transfonn E coli K12 
RV308 competent cells in substantial accordance with the 
procedure described in Example 2. The transformed cells 
were plated on L-agar containing ampicillin, and the E, coli 

55 K12RV308/pTPA103dcrNdeI transfoimants were identified 
by restriction enzyme analysis of their plasmid DNA. Plas- 
mid pTPA103dcrNdeI DNA was isolated from the transfw- 
mants for use in subsequent constructions in substantial 
accordance with the procedure of Example 3. 

60 About 10 pg of plasmid pTPA103derNdeI DNA in 10 pi 
of TE buffer were added to 2 pi of lOx AvaH buffer (0.6M 
NaQ; 60 mM IWs-HO, pH=8.0; O.IM MgQj; 60 mM 
2-mCTcaptoethanoI; and 1 mg/ml BSA) and 6 pi of HjO. 
About 2 pi (-10 units) of restriction enzyme Avail were 

65 added to die DNA, and the resulting reaction was incubated 
at 37° C. for 2 hours. The Avall^csted DNA was loaded 
onto an agarose gel and dectrcphoresed until the -1.4 kb 
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Festrictioii fragment was separated from the other digestion 
products. The -1.4 kb Avail restriction fragment of plasmid 
pTPAl03dcrNdeI was isolated from the gd; about 2 jig of 
the desired fragment were obtained and suspended in 5 )il of 
TE buffer. 

About 5 pi of lOx Klenow buffer, 35 pi of H^O, and 5 pi 
(-5 units) of Klenow enzyme were added to the solution of 
-1 .4 id) Avail restriction fragment, and the resulting reaction 
was incubated at 16* C. for thirty minutes. The Klenow- 
tieated DNA was precipitated with ethanol and resuspended 
in 3 ^1 of lOx ligase buffer and 14 pi of H^O. 

About 2 ^g of Hpal linkers of sequence: 

5'^GrTAACG-3' 

lllltlll 

3'-GCAATTaC-5' 

were Jdnased in substantial accordance with the procedure of 
Example lOA. About 10 jil of the kinased linkers were added 
to the solution of Klenow-treated, -1.4 kb Avail restriction 
fragment of plasmid pTPA103derNdeI together with 2 pi 
(-1000 units) of T4 DNA ligase and 1 pi (-1 unit) of T4 
RNA ligase, and the resulting reaction was incubated at 16° 
C overnight. 

The ligated DNA was extracted once with phenol, 
extracted twice with diloroform, precipitated with ethanol, 
and resuspended in 2 pi of lOx EcoRI buffer and 16 pi of 
HiO. About 2 pi (-10 units) of restriction enzyme EcoRI 
were added to the solution of DNA, and the resulting 
reaction was incubated at }T C, for 2 hours. The EcoRI- 
digested DNA was extracted once with phenol, extracted 
twice with chloroform, precipitated with ethanol, and resus- 
pended in 3 pi of lOx ligase buffer and 20 pi of HjO. The 
fragment, which is about 770 bp in size and encodes the 
tipPo and the amino-terrainus of TPA, thus prepared had one 
EcoRI-con^atible end and one blunt end and was ligated 
into EcoRI-Smal-digested plasmid pUC19 to form plasmid 
pUClSTPAFE. 

About 2 pi of plasmid pUC19 (available from Bethesda 
Research Laboratories) were dissolved in 2 pi of lOx Smal 
buffer (0.2M KCl; 60 mM Tris-HQ, pH=8.0; 60 mM 
MgQj; 60 mM 2-merc^toethanol; and 1 mg/ml BSA) and 
16 pi of H2O. About 2 pi (-10 units) of restriction enzyme 
Smal were added to the solution of DNA, and the resulting 
reaction was incubated at 25° C. for 2 hours. The Smal- 
digested plasmid pUC19 DNA was precipitated with 
ethanol, collected by centrifiigation, and resuspended in 2 pi 
of lOx EcoRI buffer and 16 pi of HjO. About 2 pi (-10 units) 
of restriction enzyme EcoRI were added to the solution of 
Smal-digested plasmid pUC19 DNA, and the resulting 
reaction was incubated at 37° C. for 2 hours. The EcoRI- 
Smal-digested plasmid pUC19 DNA was extracted once 
with phenol, extracted twice with chloroform, and resus- 
pended in 5 pi of TE buffer. 

The EcoRI-Smal-digested plasmid pUC19 DNA was 
added to the solution containing the -770 bp EcoRI-blunt 
end restriction fragment derived from plasmid 
pTPA103derNdeL About 2 pi (-1000 units) of T4 DNA 
ligase were added to the mixture of DNA, and the resulting 
reaction was incubated at 16° C. overnight The ligated DNA 
constituted the desired plasmid pUClSTPAFE, A restriction 
site and function map of plasmid pUClTTPAFE is presented 
in FIG. 14 of the accompanying drawings. 

The multiple-doning site of plasmid pUC19, which com- 
prises the EcoRI and Smal recognition sequences utilized in 
the construction of plasmid pUC19TEAFE, is located within 
the coding sequence for the lacZ a fragment Expression of 
the lacZ a fragment in cells that contain the lacZ AM 15 
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mutation, a mutation in the lacZ gene that encodes 
^galactosidase, allows those cells to,express a functional 
^galactosidase molecule and thus allows those cells to 
hydrolyze X-Gal (5-bromo-4-chloro-3-indolyl-p-D- 

5 galactopyranoside), a colorless conq)ound, to its indigo- 
colored hydrolysis product. Insertion of DNA into the 
multiple-doning site of plasmid pUC19 interrupts the cod- 
ing sequence for the lacZ a fragment, and cells with the lacZ ' 
AM 15 mutation that host such a plasmid are unable to 
hydrolyze X-Gal (this same prindple is utilized when don- 
ing into plasmid pUC8; see Example 2). The ligated DNA 
that constituted plasmid pUClSTPAFE was used to trans- 
form E, coll K12 RR1AM15 (NRRL B-15440) ceUs made 
coir^etent for transformation in substantial accordance widi 
the jprocedure of Example 2. 

Ilie transformed cells were plated on L agar containing 
100 pg/ml an^icillin; 40 pg/ml X-Gal; and 1 mM IFTG. 
Colonies that failed to exhibit the indigo color were subcul- 
tored and used to prepare {dasmid DNA; the E. coli K12 
RRlAM15/pUC19TPAFE transformants were identified by 

20 restriction enzyme analysis of their plasmid DNA. Plasmid 
pUC19TPAFE DNA was isolated from the E. coU K12 
RRlAM15/pUC19rPAFE cdls for use in subsequent con- 
structions in substantial accordance with the procedure of 
Example 3. 

25 About 7 pg of plasmid pUC19rPAFB in 20 pi of TE 
buffer were added to 10 pi of lOx Hpal buffer (0.2M KQ; 
O.IM TWs-HCl, pH=7.4; and O.IM MgQj) and 70 pi of 
H2O. About 3 pi (-6 units) of restriction enzyme Hpal were 
added to the solution of plasmid pUC19TPAFE DNA, and 

30 the resulting reaction was incubated at 37° C for 20 min- 
utes; the short reaction period was designed to yidd a partial 
Hpal digest The reaction was adjusted to 150 pi of Ix 
BamHI buffer (150 mM NaQ; 10 mM Tris-HQ, pH=8.0; 
and 10 mM MgQs; raising the salt concentration inactivates 

35 Hpal). About 1 pi (-16 units) of restriction enzyme BamHI 
were added to the solution of partially-Hpal-digested DNA, 
and the resulting reaction was incubated at 37° C. for 90 
minutes. 

The BamHI-partially-Hpal-digested plasmid 

40 pUC19TPAFE DNA was concentrated by ethanol 
precipitation, loaded onto a 1.5% agarose gel, and the -3.42 
kb Hpal-BamHI restriction fragment that comprises the 
replicon, p-lactamase gene, and all of the TPA-encoding 
DNA of plasmid pUCATPAFE was isolated from the gel by 

45 cutting out the segment of the gel that contained the desired 
fragment, freezing the segment, and then squeezing the 
liquid from the segment. The DNA was precipitated from the 
liquid by an ethanol precipitation. About 1 pg of the desired 
fragment was obtained and suspended in 20 pi of TE buffer. 

50 About 10 pg of plasmid pTPA103 in 10 pi of TE buffer 
were dissolved in 10 pi of lOx Seal buffer (l.OM NaQ; 60 
mM TOs-HQ, pH=7.4; and 60 mM MgClj) 10 mM DTT; 
and 1 mg/ml BSA) and 80 pi of HjO. About 3 pi (-18 units) 
of restriction enzyme Seal were added to the solution of 

55 plasmid pTPA103 DNA, and the resulting reaction was 
incubated at 37° C. for 90 minutes. The reaction volume was 
adjusted to 150 pi of ix BamHI buffer, and about 1 pi (-16 
units) of restriction enzyme BamHI was added to the 
mixture, which was then incubated at 37° C. for 90 minutes. 

60 The DNA was prec^>itated with ethanol, collected by 
centiifugation, and resuspended in preparation for electro- 
phoresis. The Scal-BamHI-digested plasmid pTPA103 DNA 
was loaded onto a 1.5% agarose gel and electrophoresed 
until the -1.015 kb Scal-BamHI restriction fragment was 

65 separated from the other digestion products. The -1,015 
Scal-BamHI restriction fragment that comprises the TPA 
carboxy-terminus-encoding DNA of plasmid pTPA103 was 
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isolated from the gel; about 0.5 of the desired fragment tial accordance with the procedure described in the BRL 

wae obtained and dissolved in 20 pi of glass-distilled HjO. M13 Qoning/^Dideoxy' Sequencing Instruction Manual, 

About 2 pi of the -3.42 kb BamHI-Hpal restriction except that the amount of DNA used per transfection was 
fragment ofpIasmidpUC19TPAFE were added to 2 pi of the varied. Recombinant plaques were identified by insertional 
-1.015 kb Scal-BamHI restriction fragment of plasmid 5 inactivation of the p-galactosidase a-fragment-encoding 
pTPA103 together with 2 pi of lOx ligase buffer and 1 pi (-1 gene, which results in the loss of the aWHty to cleave X-gal 
Weiss unit; the ligase was obtained from Ptomega Biotec, to its indigo-colored cleavage product. For screening 
2800 S. Fish Hatchery Road, Madison, Wis. 53711) of T4 purposes, six white plaques were picked into 2.5 ml of L 
DNAligase, and die resulting reaction was incubated at 16** broth, to which was added 0.4 ml of £. coU K12 JM103, 
C. overnight The ligated DNA constituted the desired cultured in minimal media stock to insure retention of the F 
plasmid pBW25. A restriction site and function map of episome that carries proAB, in logarithmic growth phase, 
plasmid pBW25 is presented in FIG. 14 of the accon^any- The plaque-containing solutions were incubated in an air- 
ing drawings. shaker at 37° C. for 8 hours. CeUs from 1.5 ml aliquots were 

The ligated DNA was used to transform E. coli K12 pelleted and RF DNA isolated in substantial accordance with 

JM105 (available from BRL) that were made coDO|)etent for the alkaline miniscreen procedure of Birnboira and Doly, 

transformation in substantial accordance with the procedure 1979^ n^c. Adds Res. 7:1513. The remainder of each 

of Example 2, except that 50 mM CaQj was used in Ae culture was stored at 4<> Q for stock. The desired phage, 

procedure. The transformed cells were plated on BHI(I>ifco designated pM8BW26, contained the -810 bp EcoRI- 

^^S^''*'''^ ?»f ^^'^ ^K"^ Hindm restriction fragment of plasmid pBW25 Ugated to 

J^^ JM105/PBW25 transfor- the^7.2kbEcoRI-HindmrestriLnfra^nentof M13mp8. 

Z^idHK? AboutfiftymloflogphaseE.c.ZrJMr03wereinf^d 

ei^e^^S f.^^^^ withpM8BW26andincubatedinanair.shakerat37'>Cfor 

frXntf w^Z?nT.w^^^^ '^}f ^ '?'^T'' 18 ^""^'^ ^^^^ were peUeted by low speed 

fragments. Ha^^mid pBW25 is prepared for use m subse- centrifiigation, and singlt^stranded pM8BW26 DNA was 

quent constructions m substantial accordance with the oro- f *u *u 1^1^^ was 

redure of Examole 3 a^uiumicc wiui uicpro- prepared from the culture supernatant by scaling up the 

C-* 'TiM . ' . ^ ™. « . procedure given in the Instruction manual. Sinele-stranded 

cJSSfS^Ti^^^f rM8BW2«..im»g.d»ato»ba««U«=JLcewlth 

^^JJ^mVfu n aL.?,'^.^ on ^'fT '^^'H"" turefor30iriiiiutes,thenat37<'C.for60imiiutes,thcnat 10« 

buffer and 80 til of HjO. About lul (-20 units) of icstricUon 30 n f^%fi\,^,^, t„o-»^-.-->~ «. ei.. \_ . j !iX<i 

»„^^» iij_-mr .„-■. -jj-j . ^ 1 ^- * , J CiOT 18 hours. In addition, fte SI treatment was done at 20° 

1- f'T'^ C., the satt concentration of the buffer was one-half that 

& r fo^^'JnJtfl'A^f^^ ^Tf^ T^:^. reconmiendedbytheinannfacturer,andtheM13 sequencing 

37 C tor 90 minutes. About 3 ul (-24 units) of restriction r rant \ jr« ... ^ , 

enzyme EcoRI and 10 of IM TWs.Ha, pH=7.6, were Sl^^^^^^^^T^Vr T"^'^"^^^'"''^'" 

^aaLa *^ ♦K^ /ti- ^ttt . J 1 ^^S^ pnmer used to delete the coding sequence for ammo 

add«l to the sohjt^on of M-digested pksmi^ pB^^^ 35 ^dd r^idues 87 through 261 of native TPA was 

DNA, and the resultmg reacuon was mcubated at 37" C. for _ 

90 minutes. The EcoRI-Hindm-digested plasmid pBW25 y-OGGAAOTC3Cnnx3AAAEAiccACCTCCCH3CC^ 

DNA was concentrated by etfaanol precipitation, loaded onto The resulting mutagenesis mix was used to transfect E, 

a 1.5% agarose gel, and electrophoresed until the -810 bp coli K12 JM103 in substantial accordance with the infection 

EcoRI-Hindm restriction fragment was separated from the 40 procedure described above. Desired mutants were identified 

other digestion products. About 0.5 Mg of the -810 bp by restriction enzyme analysis of RF DNA and by Maxam 

EcoqRI-Hindm restriction fragment was isolated from the and Gilbert DNA sequencing. The desired mutant, which 

gel, i^cpared for ligation, and resuspended in 20 pi of had the coding sequence for amino add residues 87 through 

glass-distilled HjO. 261 of native TR\ deleted, was designated pM8BW27. 

About 4.5 fig of the replicative form (RF) of M13mp8 45 To construct plasmid pBW28, a variety of DNAfragments 
DNA (available from New England Biolabs) in 35 jd of are needed. The first of these fragments was obtained by 
glass-distilled Hfi were added to 10 m1 of lOx HindlH adding -20 pg of RF pM8BW27 DNA in 20 ^1 of glass- 
buffer and 55 pi of H2O. About 1 pi (-20 units) of restriction distilled H2O to 10 pi of lOx Ndcl buffer and 60 pi of H2O. 
enzyme Hindm was added to the solution of M13mp8 DNA, About 10 pi (-50 units) of restriction enzyme Ndd were 
and the resulting reaction was incubated at 37** C. for 1 hour. 50 added to the mixture of plasmid pM8BW27 DNA, and the 
About 3 pi (-24 units) of restriction enzyme EcoRI and resulting reaction was incubated at37°C. for two hours. The 
about 10 pi of IM Tris.Ha, pH=7.6, were added to the Ndel-digested plasmid pM8BW27 DNA was precipitated 
solution of Hindin-digested M13mp8 DNA, and the result- with ethanol, collected by centrifiigation, and resuspended in 
ing reaction was incubated at 37° C for 1 hour. The 10 pi of lOx EcoRI buffer and 90 pi of H^O. About 10 pi 
Hindm-EcoRI-digested M13mp8 DNA was collected by 55 (-50 units) of restriction enzyme EcoRI were added to the 
ethanol precipiution, resuspended in preparation for agarose solution of Ndel-digested plasmid pM8B W27 DNA, and the 
gel dcctroiAQresis, and the large restriction fragment iso- resulting reaction was incubated at 37° C. for 2 hours. The 
lated by gel electrophOTcsis. About 1 pg of the large EcoRI- EcoRI-Ndel-digested plasmid pM8BW27 DNA was elec- 
Hindm restriction fragment of M13n^)8 was obtained and trophoresed on an agarose gel until the -560 bp Ndel-EcoRI 
suspendediniOplof glass-distilled HjO. About 2 pi of the 60 restriction fragment, which contains the portion of TPA 
largeEcoRI-Hindmrestrictionfragmentof M13mp8,2plof coding sequence that spans the site of deletion, was scpa- 
lOx ligase buffer, 12 pi of H^O and -1 pi (-1 Weiss unit) of rated from (he odier digestion products. The -560 bp Ndel- 
T4 DNA ligase were added to 3 pi of the -810 bp FxoRI- EcoRI restriction fragment was isolated from the gd; about 
Hindm restriction fragment of plasmid pBW25, and the 0.5 pg of tiie desired fragment was obtained and suspended 
resulting ligation reaction was incubated at 16° C. ovcrnigjit 65 in 20 pi of glass-distilled H^O. 

K coU JM103 cells, available from BRL, were made The second fragment needed to construct plasmid pBW28 

competent and transfected with die ligation mix in substan- is synthesized one strand at a time on an automated DNA 
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synthesizer. The two complementary strands, whidi will 
hybridize to form a double-stranded DNA segment wifli 
Xbal and Ndel overlaps, are kinased and annealed in sub- 
stantial accordance with the procedure of Hxaiiq)le 6A. Hie 
linker has the following structure: 
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EcoRI-BamHI restriction fragment of plasmid pTPA103; 
and about 0.02 ng (-1) of the -45 bp Xbal-Ndel synthetic 
linker. About 2 Ml of lOx ligase buffer and 1 jil (~1 Weiss 
unit) of T4 DNA ligase are added to the mixture of DNA, 
and the resulting ligation reaction is incubated at 4^ C. 



Xbal 



5'-CTAGAGGC3TATTAATAATGTATCGATTTAAATAAGaAGGAATAACA-3' 
llllllllitllllllllllliMlllllltlllillMIII 
TCCCATAATTATTACATAGCTAAATTTATTCCTCCTTATT QTAT 



The third fragment needed to construct plasmid pBW28 
was prepared by adding -20 ^g of plasmid pTPA103 in 20 
pi of TE buffer to 10 pi of lOx BamHI buffer and 60 jil of 
HjO. About 10 \i[ (-50 units) of restriction enzyme BamHI 
were added to the solution of plasmid pTPA103 DNA, and 
the resulting reaction was incubated at 37** C. for 2 hours. 
Hie BamHI-digested plasmid pTPAlOB DNA was precipi- 
tated with ethand. collected by centrifugation, and resus- 
pended in 10 pi of lOx BcoRI buffer and 80 pi of HjO. About 
10 \j1 (-50 units) of restriction enzyme EcoRI were added to 
the solution of BamHI-digested plasmid pTPAlOS DNA, 
and the resulting reaction was incubated at 37° C. for 2 
hours. The BamHI-EcoRI-digested plasmid pTPAlOB DNA 
was loaded onto an agarose gel and electrophoresed until the 
-689 bp EcoRI-BamHI restriction fragment, whidi com- 
prises the coding sequence for the caiboxy-terminus of TPA, 
was separated from the other digestion products. About 0.5 
Jig of the -689 bp fragment was isolated from the gel and 
then resuspended in 10 fil of glass-distilled H^O. 

The final fragment necessary to construct plasmid pBW28 
was isolated from plasmid pLUO, which is a plasmid 
disclosed and claimed in U.S. patent application Ser. No. 
769,221, filed Aug. 26, 1985, attorney docket number 
X-6638. A restriction site and function map of plasmid 
pLllO is presented in FIG. 14 of the accompanying 
drawings, and the construction of plasmid pLllO is dis- 
closed in Example lOd, the following section of the present 
Example. 

About 25 ^g of plasmid pLUO in 25 pi of TE buffer were 
added to 10 pi of lOx Xbal buffer (0.5M NaQ; 60 mM 
Tris-HCL pH=7.9; 60 mM MgQi; and 1 mg/ml BSA) and 
55 pi of HjO. About 10 pi (-50 units) of restriction enzyme 
Xbal were added to the solution of plasmid pLl 10 DNA, and 
the resulting reaction was incubated at 37° C. for 2 hours. 
The Xbal-digested plasmid pLllO DNA was precipitated 
with cthanol, collected by centrifugation, and resuspended in 
10 pi of lOx BanaHI buffer and 89 pi of H^O. About 1 pi (-5 
units) of restriction enzyme BamHI was added to the solu- 
tion of Xbal-digested plasmid pLl 10 DNA, and the resulting 
reaction was incubated at 37° C. for 30 minutes to obtain a 
partial BamHI digest The Xbal-partially-BamHI-digested 
plasmid-pLllO DNA was loaded onto an agarose gel and 
dcctrophoresed until the -6.0 kb Xbal-BamHI fragment 
was clearly separated from the other digestion products. The 
-6.0 kb restriction fragment was isolated from the gel; about 
0.5 pg of die -6.0 kb Xbal-BamHI restriction fragment was 
obtained and suspended in about 40 pi of glass-distUled 
HjO. This -6.0 kb Xbal-BamHI restriction fragment com- 
prises aU of plasmid pLllO except the EK-BGH-encoding 
DNA. 

To construct plasmid pBW28, the following fragments are 
mixed together about 0.1 pg (-8 pi) of the -6.0 kb BamHI- 
Xbal restriction fragment of plasmid pLllO; about 0.05 pg 
(-2 pi) of the -560 bp Ndel-EcoRI restriction fragment of 
plasmid pM8BW27; about 0.1 pg (-2 pi) of the -689 bp 



overnight for 2 hours. The ligated DNA constihited the 
desired plasmid pBW28. A restriction site and function map 
of plasmid pBW28 is presented in FIG. 14 of the accom- 
panying drawings. 

The ligated DNA was used to transfcxm E. coU K12 
MM294 (NRRL B- 15625) made competent in substantial 
accordance with the procedure of Example 2, except that 50 
mM CaClj was used in the procedure. Due to the presence 
of the lambda pL promoter and the gene encoding the 
temperature-sensitive lambda pL repressor on plasmid 
pBW28, the transformation procedure and culturing of 
transformants were varied somewhat The cells were not 
exposed to temperatures greater than 32° C. during trans- 
formation and subsequent culturing. The following section 
of this Example relates more fully the procedures for han- 
dling plasmids that encode the lambda pL promoter and its 
temperature-sensitive repressor. The desired E. coU K12 
MM294/pBW28 transformants were identified by their 
tetracycline-resistant, ampicillin-sensitive phenotype and by 
restriction enzyme analysis of their plasmid DNA. 
D. Construction of Flasmld pLllO 

Plasmid pLllO was constructed using plasmid pKC283 as 
starting material. Lyophils of coU K12 BE1201/pKC283 
are obtained from the NRRL under the accession number 
NRRL B- 15830. The lyophils are decanted into tubes con- 
taining 10 ml of L broth and incubated two hours at 32° C, 
at which time the cultures are made 50 pg/ml in ampidllin 
and then incubated at 32° C. overnight. The E. coli K12 
BE1201/pKC283 cells were cultured at 32° C, because 
plasmid pKC283 comprises the pL promoter and t)ecause E. 
coU K12 BE1201 cells comprise a temperature- sensitive d 
repressor gene integrated into die cellular DNA. When cells 
that comprise a wild-type lambda pL represser: gene or when 
cells that do not con^se a lambda pL promoter are utilized 
in this plasndd isolation procedure, as described in subse- 
quent Exan^les herein, the teir^rature of incubation is 37° 
C. 

A small portion of the overnight culture is placed on 
L-agar plates containing 50 pg^ml ampidllin in a manner so 
as to obtain a single colony isolate of E. coU K12 BE1201/ 
pKC283. The single colony obtained was inoculated into 10 
ml of L broth containing 50 pg/ml ampicillin and incubated 
overnight at 32° C. with vigorous shaking. The 10 ml 
overnight culture was inoculated into 500 ml of L broth and 
incubated at 32° C. with vigorous shaking until the culture 
reached stationary phase. Plasmid pKC283 DNA was then 
prepared from the cells in substantial accordance witti the 
procedure of Example 3. About 1 mg of plasmid pKC283 
was obtained and stored at 4° C. in TE buffer at a concen- 
tration of about 1 pg/ul. A restriction site and function map 
of plasmid pKC283 is presented in FIG. 14 of the accom- 
panying drawings. 

About 10 pi (-10 pg) of the plasmid pKC283 DNA were 
mixed with 20 pi lOx medium-salt restriction buffer (500 
mM NaQ; 100 mM TW^HCl, pH=7.5; 100 mM MgClj; and 
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10 mM DTT), 20 pi 1 mg/ml BSA» 5 fd restriction enzyme The colonies were individually cultured, and the plasmid 

Pvun (-25 units), and 145 pi of water, and the resulting DNA of the individual colonies was examined by restriction 

reaction was incubated at 37** C. for 2 hours. Restriction enzyme analysis and gel dectrophoresis. Plasmid DNA 

enzyme reactions dcsaribcd herein were routinely termi- isolation was performed on a smaller scale in accordance 

nated by phenol and then chloroform extractions, which 5 with the procedure of Exanqjle 3, but the CsQ gradient step 

were followed by precipitation of the DNA, an ethanol was omitted until the desired E, coU K12 UOQC^i 

wash, and resuspension of the DNA in TE buffer. After pKC283PX transfarmants were identified. A restriction site 

terminating the Pvun digestion as 30 described above, the and function map of plasmid pKC283PX is presented in 

PvuE-digested plasmid pKC283 DNA was precipitated and FIG. 14 of the accompanying drawings, 

then resuspended in 5 pi of TE buffer. Ten pg of plasmid pKC283PX DNA were dissolved in 20 

About 600 picomoles (pM) of Xhol linkers (5*- pi of lOx high-salt buffer, 20 pi 1 mgM BSA, 5 pi (-50 

CCrCGAGG-3') were kinascd in a mixture containing 10 pi units) of restriction enzyme BgJH, 5 pi (--50 units) of 

of 5x Kinase Buffer (300 mM Tris-HQ, pH=7.8; 50 mM restriction enzyme Xhol, and 150 pi of water, and the 

MgQj; and 25 mM DTT), 5 pi of 5 mM ATP, 24 pi of RjO, resulting reaction was incubated at 37*» C for two hours. The 

0.5 pi afT4polynucleotidekinase(about2.5unitsas defined reaction was stopped; the BgUI-XhoI digested DNA was 

by P-L Biochemicals), 5 pi of 1 mg/ml BSA, and 5 pi of 10 precipitated, and the DNA was resuspended in 5 pi of TE 

mM spermidine by incubating the mixture at 37** C. for 30 buffer 

"l^^l^ About 12^5 pi of the kinased aol lintes were a DNA linker with single-stranded DNA ends character- 

9'.^ 1^ rf .P^^ o^^^^ Xhol restriction enzyme cleavage was 

^l^n^khv^T^^^^^^ synthesized using an automated DNA synthesizer and 

asdefinedbyP-LBiochcm^(^)^ 20 kinased as dcscrited in Example 6A. Hie DNA linker had 

HM^xT^f and 12.5 pi cf water were acUed to the ^^e following structure: ^ 
DNA. The resulting ligation reaction was mcubated at 4** C 

overnight. After the ligation reaction, the reaction mixture S'-gaictattaactcaatctagac-S' 

was adjusted to have the composition of high-salt buffer 111111111111111111 

(O.IM NaQ; 0.05M Tris-HQ, pH 7.5; 10.0 mM MgQj; and 25 3'.ataattgagttagatctgagct^ 
1 mM DTT). About 10 pi (100 units) of restriction enzyme 

Xhol were added to the mixture, and the resulting reaction The linker and BgUI-XhoI-digestcd plasmid pKC283PX 

was incubated at 37** C. fcr 2 hours. were ligated in substantial accordance with the ligatiopro- 

The reaction was terminated, and the Xhol-digested DNA procedure described above. The ligated DNA constituted the 

was precipitated, resuspended, and ligated as described 30 desired plasmid pKC:283-L. A restriction site and function 

above, except that no Xhol linkers were added to Ae ligation map of plasmid pKC283-L is presented in FIG, 14 of the 

mixture. The ligated DNA constituted the desired plasmid accompanying drawings. The plasmid pKC283-L DNA was 

pKC283PX A restriction site and function map of plasmid used to transfoim E. coli K12 MO(A.^, and the resulting E, 

pKC283PX is presented in HG. 14 of the accompanying coli K12 MO(A.*)/pKC283-L transformants were identified 

drawings. 35 by their ampidllin-resistant phenotype and by restriction 

E. coU K12 MO(X^, available from the NRRL under the enzyme analysis of their plasmid DNA. 

accession number NRRL B- 15993, conq)riscs the wild-type About 10 pg of plasmid pKC283-L DNA were dissolved 

lambda pL cl repressor gene, so that transcription fi*om the in 20 pi 1 lOx high-salt buffer, 20 pi 1 mg/ml BSA, 5 pi (-50 

lambda pL promoter does not occur in E. coli Ki2 MO(A-^ units) restriction enzyme Xhol, and 155 pi of H2O, and the 

cells. Single colonies of coU K12 MO(k*) are isolated, 40 rcsultingrcaction was incubated at 37'' C. for two hours. The 

and a 10 ml overnight culture of the cells is prepared; no Xhol-digested plasmid pKC283-L DNA was then precipi- 

ampicillin is used in the growth media. Fifty pi of the tated and resuspended in 2 pi lOx nick-translation buffer 

overnight culture were used to inoculate 5 ml of L broth, (0.5M Iris-HQ, pH=7.2; 0.1M MgS04; and 1 mM EOT), 1 

whidi also contained 10 mM MgS04 and 10 niM MgQj. pi of a solution 2 mM in eadi of the deoxynucleotide 

The culture was incubated at 37** C. overnight wife vigorous 45 triphosphates, 15 pi of H^O, 1 pi (-6 units as defined by P-L 

shaking. The following morning, the culmre was diluted to Biochemicals) of Klenow, and 1 pi of 1 mgAnl BSA. The 

200 ml with L broth containing 10 mM MgS04 and 10 mM resulting reaction was incubated at 25** C for 30 minutes; 

MgQj. The diluted culture was incubated at 3T C. with the reaction was stopped by incubating the solution at 70° C. 

vigorous shaking untQ fee O.D.590 was about 0.5, which for five minutes. 

indicated a cell density of about 1x10* ceUs/ml. The culture 50 BamHI linkers (5'-CGGGArCCCG-3') were kinased and 

was cooled for ten minutes in an ice-water bafe, and fee cdls ligated to fee Xhol-digested, Klenow-treated plasmid 

were feen collected by centrifiigation at 4000xg fw 10 pKC283-L DNA in substantial accordance wife fee linker 

minutes at 4° C. The cell pellet was resuspended in 100 ml ligation procedures described above. After fee ligation 

of cold 10 mM NaQ and feen immediately re-pelleted by reaction, fee DNA was digested wife about 100 units of 

centrifiigation. The cell pellet was resuspended in 100 ml of 53 BamHI for about 2 hours at 37° C. in high-salt buffer. After 

30 mM CaOj and incubated on ice for 20 minutes. fee BamHI digestion, fee DNA was prepared for Ugation, 

The cells were again collected by centrifugation and and fee ~5 .9 kb BamHI restriction fragment was circularized 

resuspended in 10 ml of 30 mMCaCla. A one-half ml aliquot by ligation and transformed into £. coU K12 MO(X.^ in 

of fee cells was added to fee ligated DNA prepared above; substantial accordance wife fee procedures described above, 

fee DNA had been made 30 mM in CaQs. The ceU-DNA 60 The E. coU K12 MO(A.^/pKC283-i:B transformants were 

mixture was incubated on ice for one hour, heat-shocked at identified, and feen, plasmid pKC283-LB DNA was pre- 

42° C. for 90 seconds, and feen chilled on ice for about two pared from fee transformants in substantial accordance wife 

minutes. The cell-DNA mixture was diluted into 10 ml of LB fee procedure of Exan^le 3. A restriction site and function 

media in 125 ml flasks and incubated at 37° C for one hour. map of plasmid pKC283-LB is presented in FIG. 14 of fee 

One hundred pi aliquots were plated on I^agar plates 65 accompanying drawings. 

containing ampidllin and incubated at 37° C. until colonies About 10 pg of plasmid pKC283PX were digested wife 

Wcared. restriction enzyme SaU in high-salt buffer, treated wife 
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Klenow, and ligated to EcoRI linkers (5*- 
OAGGAArrCCrC-3') in substantial accordance with the 
procedures described above. After digestion with restriction 
enzyme EcoRI, which results in the excision of -21 kb of 
DNA, the -4.0 kb EcoRI restciction fragment was circular- 5 
ized by ligation to yield plasmid pKC283FRS. The ligated 
DNA was used to transform E, coli K12 MO(A.^, and after 
the E, coli K12 MO(X.*)/pKC283PRS transformants were 
identified, plasmid pKC283PRS DNA was prepared from 
the transformants in substantial accordance with the pioce- 10 
dure of Example 3. A restriction site and function map of 
plasmid pKC283FRS is presented in FIG. 14 of the accom- 
panying drawings. 

About 10 Mg of plasmid pKC283PRS were digested in 
200 fil of high-salt buffo- with about 50 units each of is 
restriction enzymes PstI and SphL After incubating the 
reaction at 37° C. for about 2 hours, the reaction mixture was 
electrophoresed on a 0.6% low-gelling-temperature agarose 
(FMC Coiporation, Marine Colloids Division, Rockland, 
Me. 04841) gel for 2-3 hours at -130 V and -75 mA in 20 
Iris-Acetate buffer. 

The gel was stained in a dilute solution of ethidium- 
bromide, and the band of DNA constituting the -0.85 kb 
Pstl-SphI restriction fragment, which was visualized with 
long-wave UV light, was cut from the gel in a small 2j 
segment The volume of the segment was determined by 
weight and density of the segment, and an equal volume of 
10 raM Iris-HO, pH 7.6, was added to the tube containing 
the segment The segment was then melted by incubation at 
72** C. About 1 ug of the -0.85 kb Pstl-SphI restriction 
fragment of plasmid pKC283PRS was obtained in a volume 
of about 100 >iL In an analogous manner, plasmid pKC283- 
LB was digested with restriction enzymes PstI and SphI, and 
the resulting -3.0 kb restriction fragment was isolated by 
agarose gel electrophoresis and prepared for ligation. 

The -0.85 kb Pstl-SphI restriction fragment of plasmid 
pKC283PRS was ligated to the -3.0 kb Pstl-SphI restriction 
fragment of plasmid pKC283-LB. The ligated DNA consti- 
tuted the desired plasmid pL32. A restriction site and func- 
tion map of plasmid pL32 is presented in FIG. 14 of the 
accon^)anying drawings. Plasmid pI32 was transformed 
into coU K12 MO(A^ cells; plasmid pL32 DNA was 
prepared from the E. coU K12 MO(X*ypL32 ttansformants 
in substantial accordance with the procedure of Example 3. 
Analysis of the plasmid pL32 DNA demonstrated that more 
than one EcoRI linker attached to the Klenow-treated, Sail 
ends of plasmid pKC283PX. The presence of more than one 
EcoRI linker does not affect the utility of plasmid pL32 or 
derivatives of plasmid pI32 and can be detected by the 
presence of an Xhol restriction site, which is generated 
whenever two of the EcoRI linkers are ligated together. 

Plasmid pCClOl is disclosed in Example 3 of U.S. patent 
application Ser. No. 586,581, filed 6 Mar. 1984, attorney 
docket number X-5872A, incorporated herein by reference. 
A restriction site and function map of plasmid pCClOl is 
presented in FIG. 14 of &e accompanying drawings. To 
isolate the EK-BGH-encoding DNA, about 10 pg of plasmid 
pCClOl were digested in 200 pi of high-salt buffer contain- 
ing about 50 units each of restriction enzymes Xbal and 
BamHI. The digestion products were separated by agarose 
gel electrophoresis, and the -0.6 kb Xbal-BamHI restriction 
fragment which encodes EK-BGH was isolated from the gel 
and prepared for ligation. 

Plasmid pL32 was also digested with restriction enzymes 
Xbal and BamHI, and the -3.9 kb restriction fragment was 
isolated and prepared for ligation. The -3.9 kb Xbal-BaHI 
restriction fragment of plasmid pL32 was ligated to the -0.6 
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kb Xbal-BamHI restriction fragment of plasmid pCClOl to 
yield plasmid pL47. A restriction site and function map of 
plasmid pL47 is presented in FIG. 14 of the accompanying 
drawings. Plasmid pL47 was transfonned into E. coli K12 
MO(A.*), and the E. coU K12 MO(X'*ypL47 transformants 
were identified. Plasmid pL47 DNA was prepared from the 
transformants in substantial accordance with the procedures 
of Example 3. 

Plasmid pPR12 comprises the temperature-sensitive pL 
repressor gene cI857 and the plasmid pBR322 tetracycline 
resistance-confening gene. Plasmid pPR12 is disclosed and 
claimed in U.S. Pat. No. 4,436,815, issued 13 Mar. 1984. A 
restriction site and function map of plasmid pFR12 is 
presented in FIG. 14 of the accompanying drawings. 

About 10 Mg of plasmid pPR12 were digested with about 
50 units of restriction enzyme EcoRI in 200 pi of high-salt 
buffer at 37** C. for two hours. The EcoRI-digested plasmid 
pPR12 DNA was precipitated and then treated with Klenow 
in substantial accordance with the procedure described 
above. After the Klenow reaction, the EcoRI-digested, 
Klenow-treated plasmid pPR12 DNA was redrcularized by 
ligation, and the ligated DNA, which constituted the desired 
plasmid pPR12ARl, was used to transform E. coli K12 
RV308 (NRRL B-15624); transformants wctc selected 
based on tetracycline (10 ug/ml) resistance. After the £. coli 
K12 RV308/pPR12ARl transformants were identified, plas- 
mid pPR12ARl DNA was prepared from the transfoimants 
in substantial accordance with the procedure of Example 3. 
About 10 pg of plasmid pPR12ARl were digested with 

i about 50 units of restriction enzyme Aval in 200 pi of 
medium-salt buffer at 37° C. for 2 hours. The Aval-digested 
plasmid pFR12ARl DNA was precipitated and then treated 
with Klenow. After the Klenow reaction, the Aval-digested, 
Klenow-treated plasmid pPR12ARl DNA was ligated to 
EcoRI linkers (5 -GAGGAArTCCTC-3*), precipitated, 
resuspended in about 200 m1 of high-salt buffer containing 
about 50 units of restriction enzyme EcoRI, and incubated 
at 37** C. for about 2 hours. After the EcoRI digestion, the 
reaction mixture was loaded onto a low-melting agarose gel, 

I and the -5.1 kb EcoRI restriction fragment was purified 
from the gel and redrcularized by ligation to yield the 
desired plasmid pPR12ARl. The plasmid pPR12ARl DNA 
was transformed into E. coli K12 RV308; selection of 
transformants was based on tetracycline resistance. Plasmid 

; pPR12ARl DNA was prepared from the transfonnants in 
substantial accordance with the procedure of Exan^le 3. A 
restriction site and function map of plasmid pPR12ARl is 
presented in FIG. 14 of the accoixq>anying drawings. 
About 10 \ig of plasmid pPR12ARl DNA were suspended 

I in about 200 ml of high-salt buffer containing about 50 units 
each of restriction enzymes PstI and EcoRI, and the diges- 
tion reaction was incubated at 37** C. for about 2 hours. The 
reaction mixture was then loaded onto an agarose gel, and 
the -2.9 kb Pstl-EcoRl restriction fragment of plasmid 

i pPR12ARl was isolated and prq>ared for ligation. 

About 10 ug erf plasmid pL47 were digested with restric- 
tion enzymes PstI and BamHI in 200 ul of high-salt buffer 
at 37** C. for two hours. The Pstl-BamHI-digested DNA was 
loaded onto an agarose gel, and the -2.7 kb Pstl-BamHI 

) restriction fragment that comprised the origin of replication 
and a portion of (he ampicillin resistance-conferring gene 
was isolated and prepared for ligation. In a separate reaction, 
about 10 ug of plasmid pL47 DNA were digested with 
restriction enzymes EcoRI and BamHI in 200 ul of high-salt 

s buffer at 37** C. for two hours, and the -1.03 kb EcoRI- 
BamHI restriction fr^ment that comprised the lambda pL 
transcription activating sequence, the K coli Ipp translation 
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activating sequence, and the EK-BGH-encoding DNA was linte in 5 |il HjO was added: 10 5x Kinase salts (300niM 

isdMed and prepared for ligation. TOs-Ha, pH=7.8; 50 mM MgCL; and 25 mM UTT), 5 ul 

The -2.7 ib Pstl-Bamm and -1.03 kb EcoRI-Bamffl of 5 mM AIP, 5 pi of BSA (1 mg^ml), 5 ul of 10 mM 

'^o^T^^ti were ligated to the spermidine, 19 pi of H,0, and 1 pi of polynudeotide Kinase 

PPR12AR1 to conslrurt plasmid pLllO and fl»e hgated ^ _2(^ c. pive m (-5 ug) of the 

DNA was used to transfcmn E. coU K12 RV308. Tetracy- p^^.Tr a;„^a „1oc™h „cvo -ikft. .-ViJT w ^ * !!. 

cline resistance was iu,ed as the basis for selecting transfci- SSSJS?^^ "f!. ^>ul?'\ 

jQSokXs Kmased BamHI linkers were mixed and incubated with 11 

TVo PsarestrictioB enzyme recognition sites are present t^p,: ^ ^ "^^^T ^^"^^ ^ ^ ""^^^ ""^^^ 

in the EK-BGH coding region diat are not depicted in the ^^Ifk ^* 

restriction site and function maps presented in the accom- ^ BamHI reaction buffer, 10 pi (-50 units) of 
panying drawings, A restriction site and function map of Bainffl restriction enzyme, and 48 pi of H2O were added to 
plasmid pLllO is presented in FIG. 14 of the accompanying ligation reaction mixture, which was then incubated at 
drawings. 37** C. for 3 hours. Ihe reaction was loaded onto a 1% 
E Final Construction of Plasmid pBW32 15 agarose gel, and the desired -1.9 kb fragment, which corn- 
Approximately 10 ug of plasmid pSV2-p-globin DNA prises the dhfr gene, was isolated from the gel. All linker 
(NRRL B-15928) were dissolved in 10 pi lOx Hindm additions performed in these examples were routinely puri- 
rcaction buffer, 5 pi (-50 units) restriction enzyme HindlH, fied on an agarose gel to reduce the likelihood of multiple 
and 85 pi HjO, and the reaction was placed at 37** C. for 2 linker sequences in the final vector. The -3 pg of fragment 
hours. The reaction mixture was then made 0.15 M in liCl, 20 obtained were suspended in 10 pi of TE buffer, 
and after the addition of 2.5 volumes of ethanol and incu- Next, approximately 15 pi (-1 pg) of plasmid pTPA301 
bation in a dry icc-ethanol bath, the DNA was pelleted by were digested with BamHI restricton enzyme as tau^t 
centrifijgation. above. Because there is a unique BamHI site in plasmid 
The DNA pellet was dissolved in 10 pi lOx BglH buff^, pTPA301, this BamHI digestion generates linear plasmid 
5 pi ("-50 units) restriction enzyme Bgm, and 85 pi H2O, and 25 pTPA301 DNA. The BamHI-digested plasmid pTPA301 
the reaction was placed at 37" C. for two hours. After the was precipitated with ethanol and rcsuspended in 94 pi of 
Bgin digestion, the reaction mixture was loaded onto a HjO and phosphatased using 1 pi of Calf-Intestinal Alkaline 
0.85% agarose gel, and the fragments were separated by phosphatase (Collaborative Research, Inc., 128 Spring 
electrophoresis. The gel was visualized using ethidium bro- Street, Lexington, Mass. 02173), and 5 pi of IM Tris-HCl, 
mide and ultraviolet light, and the band containing the 30 pH=^,0, at 65° C. for 45 min. The DNA was extracted with 
desired -4.2 M) HindHI-Bgin fragment was excised from phenolrchloroform, then extracted with chloroform:isoamyl 
the gel as previously described. The pellet was resuspended alcohol, ethanol precipitated, and rcsuspended in 20 pi H^O. 
in 10 pl of HjO and constituted -5 pg of the desired -4.2 kb Ten pi (-025 pg) of phosphatased plasmid pTEA301 were 
Hindm-Bgin restriction fragment of plasmid pSV2-P- added to 5 ploftheBamHLdhfr-gene-containing restriction 
globin. The -2.0 kb ffindlH-BamHl restriction fragment of 35 fragment (-1.5 pg), 3 pl of lOx ligase buffer, 3 pl (-1500 
plasmid pTPA103 that encodes TEA. was isolated from units) ofT4DNAligase, and 9 plH^O. This ligation reaction 
plasmid pTEA103 in substantial acccardance with the fore- was incubated at 15° C. overnight; the ligated DNA consti- 
going teaching. About 5 pg of the -2.0 kb HindHI-BamHI tuted the desired plasmid pTPA303 DNA. 
restriction fragment of plasmid pTPA103 were obtained, Plasmid pTPA303 was used to transform co/(K12RRl 
suspended in 10 pl of H^O, and stored at -20° C 40 (NRRL B-15210), and the resulting K coli K12 RRl/ 
T\vo pl of the -4.2 kb BgUI-Hindin restriction fragment pTPA303 transfOTnants were identified by their ampidllin- 
of plasmid pSV2-^globin and 4 pl of the -2.0 kb Hindin- resistant phenotype and by restriction enzyme analysis of , 
BamHI fragment of plasmid pTPA103 were mixed together their plasmid DNA Plasmid pTPA303 was isolated from the 
and then incubated with 2 pl of lOx ligase buffer, 11 pl of transformants in substantial accordance with the procedure 
H2O, and 1 pl of T4 DNA ligase (-500 units) at 4° C. 45 of Example 3. 

overnight The Ugated DNA constituted the desired plasmid To isolate the -2.7 kb EcoRI-Bgin restriction fragment 

pTPA301; a restriction site and function map of the plasmid that encodes the pBR322 replicon and P-lactamase gene 

is presented in HG. 14 of the acconQ)anying drawings. The from plasmid pTPA301. about 10 pg of plasmid pTPA301 

ligated DNA was used to transform E, coli K12 RRl cells are digested to completion in 400 pl total reaction volume 

(NRRL B-15210) made competent for transformation in 50 with 20 units BqlH restriction enzyme in IxBgin buffer at 

substantial accordance with the teaching of Exan^le 3. 37° C. After the BgUI digestion, die Tris-HCl concentration 

Plasmid DNA was obtained from the £. coll K12 RRV is adjusted to 110 mM, and 20 units of EcoRI restriction 

pTPA301 transfwmants in substantial accordance with the enzyme are added to the BgUI-digested DNA. The BcoRI- 

I^ocedure of Example 3. BgLH-digcsted DNA is loaded onto an agarose gel and 

Plasmid pSV2-dhfr comprises a dihydrofalate reductase 55 electrophoresed until the -2.7 kb EcoRI-BgUT restriction 

(dhfr) gene useful for selection of transformed eukaryotic fragment is separated from the other digestion products, and 

cells and amplification of DNA covalenUyUnked to the dhfr tiicn, the -2.7 kb fragment is isolated and prepared for 

gene. Tfen pg of plasmid pSV2-dhfr (isolated from E. coli ligation. 

K12 HB101/pSV2-dhfr, ATCC 37146) were mixed witii 10 To isolate a restriction fragment tiiat comprises the dhfr 

pl lOx Pvun buffer, 2 pl (-20 units) Pvun restriction 60 gene, plasmid pTPA303 was double-digested with HindHI 

enzyme, and 88 pl of H^O, and the resulting reaction was and EcoRI restriction enzymes, and the -2340 bp EcoRI- 

incubatcd at 37° C. for two hours. The reaction was termi- Hindm restriction fragment that comprises the dhfr gene 

nated by phenol and chloroform extractions, and then, the was isolated and recovered. 

PvuH-digested plasmid pSV2-dhfr DNA was precipitated To isolate the -2 kb Hindm-Ssa restriction fragment of 

and coUected by centrifiigation. 65 plasmid pTPA303 that con^rises tiic coding region for the 

BamHI linkers (5'-OGGArCCCG-3') were fcinased and caiboxy-terminus of TPA and the SV40 promoter, plasmid 

prq)ared fa: ligation by the following procedure. To I pg of pTPA303 was double digested with Hindm and Sstt restric 
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tion enzymes in Ix HiBdHI buffer. The -1.7 kb fragment was 
isolated from the gel and pr^aied for ligation. 

To isolate the -680 bp XhoII (compatible for ligation with 
the BglH overlap)-SstI restriction fragment of plasmid 
pBW28 that comprises the coding region for the amino S 
terminus of modified TPA, about 10 Mg of plasmid pBW28 
were digested with XhoII enzyme to completion in Ix XhoII 
buffer (0.1M Tris-HQ, pH=8.0; O.IM MgOj; 0.1% TOton 
X-100; and 1 mg/ml BSA). The XhoII-digested DNA was 
recovered by ethanol precipitation and subsequently lo 
digested to completion with SstI enzyme. The XhoH-Sstl- 
digested DNA was loaded onto an acrylamide gel, and the 
desired fragment was isolated from the gel and prepared for 
ligation. 

About 0.1 pg of each of the above fragments: the -2.7 kb 15 
EcoRI-Bg^I restriction fragment of plasmid pTPA301; the 
-234 kb EcoRI-Hindm restriction fragment of plasmid 
pTPA303; the -1.7 kb Ssfl-Hindm restriction fragment of 
plasmid pTPA303; and the -0.68 kb SsQ-XhoII restriction 
fragment of plasmid pBW28 were ligated together to form 20 
plasmid pBW32. The ligation mix was used to transform E. 
coU K12 MM294 as taught in Exan4)le 2, except that 50 mM 
CaClj was used in the procedure. Transfonnants were iden- 
tified by their ampidllin-resistant phenotypc and by restric- 
tion analysis of their plasmid DNA. Plasmid pBW32 DNA 25 
was obtained from the E. cdi K12 MM294/pBW32 trans- 
formants in substantial accordance with the procedure of 
Example 3. A restriction site and function map of plasmid 
pB W32 is presented in FIG. 14 of the accompanying draw- 
ings. 30 

EXAMPLE 11 

Construction of Plasmids pLPChdl, pLPChd2, 
LPCdhfrl and LPCdhfr2 

35 

A. Construction of Plasmids pLPChdl and pLPChd2 
About 20 ng of plasmid pBW32 in 20 pi of TE buffer were 
added to 10 pi of lOx BamHI buffer and 60 of H2O. About 
10 pi (-50 units) of restriction enzyme BamHI were added 
to the solution of plasmid pBW32 DNA, and the resulting 40 
reaction was incubated at 37° C. for two hours. The BamHE- 
digested plasmid pBW32 DNA was precipitated with 
ethanol, collected by centrifugation, andresuspended in 5 pi 
of lOx Klenow buffer, 45 pi of H2O, and 2 (-100 units) 
of Klenow enzyme. The reaction was incubated at 16° C. for 45 
30 minutes; then, the reaction mixture was loaded onto an 
agarose gel and electrophoresed until the digestion products 
were dearly separated. The -1.9 kb Klenow-treated, BamHI 
restriction fragment of plasmid pBW32 that comprises the 
dhfr gene was isolated from the gel and prepared for ligation 50 
in substantial accordance with the procedure of Example 
4A. About 4 pg of the desired fragment were obtained and 
suspended in 5 pi of TE buffer. 

About 200 pg of plasmid pLPChygl in 100 pi of TE buffer 
were added to 15 pi of lOx EcoRI buffer and 30 pi of H2O. 55 
About 5 pi (-50 units) of restriction enzyme EcoRI were 
added to the solution of plasmid pLPChygl DNA, and the 
resulting reaction Was incubated at 37** C. for about 10 
minutes. The short reaction time was calculated to produce 
a partial EcoRI digestion. Hasmid pLPChygl has two 60 
EcoRI restriction sites, one of which is within the coding 
sequence of the hygromydn resistance-conferring (HmR) 
gene, and it was desired to insert the dhfr-genc-containing 
restriction fragment into the EcoRI site of plasmid 
pLPChygl that is notin the HmR gene. The partially-EcoRI- 65 
digested plasmid pLPChygl DNA was loaded onto an 
agarose gel and electrophoresed until the singly-cut plasmid 
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pLPChygl DNA was separated from uncut plasmid DNA 
and the other digestion products. The singly-cut DNA was 
isolated from the gd and prepared for ligation in substantial 
accordance with the procedure of Example 4A. About 2 pg 
of the singly-EcoRI-cut plasmid pLPChygl were obtained 
and suspended in 25 pi of TE buffer. To this sample, about 
5 pi (-25 units) of Klenow enzyme, 5 pi of lOx Klenow 
buffer, and 40 pi of H^O were added, and the resulting 
reaction was incubated at 16** C. for 60 minutes. The 
Klenow-treated, paitially-EcoRI-digcsted DNA was then 
extracted twice with phenol and then once with chloroform, 
precipitated with ethanol, and resuspended in 25 pi of TE 
buffer. 

About 5 pi of the -1.9 kb Klenow-treated BamHI restric- 
tion fragment of plasmid pBW32 and about 5 ^ of the 
singly-EcoRI-cut plasmid pLPChygl DNA were mixed 
together, and 1 pi of lOx ligase buffer, 5 pi of HjO, 1 pi 
(-500 units) of T4 DNA Ugase, and 1 pi (-2 units) of T4 
RNA ligase were added to the mixture of DNA, and the 
resulting reaction was incubated at 16° C. overnight. The 
ligated DNA constituted the desired plasmids pLPChdl and 
pLPChd2, which differ only with respect to the orientation 
of the -1.9 kb fragment that comprises the dhfr gene. 

The ligated DNA was used to transform E coU K12 
HBlOl cdls made competent for transfoamation in substan- 
tial accordance with the procedure of Example 2. The 
transfonned cells were plated onto L agar containing 100 
pg/ml ampidUin, and the ampidllin-resistant transformants 
were analyzed by restriction enzyme analysis of their plas- 
mid DNA to identify the E, coli K12 HBlOl/pLPChdl and 
E, coU K12 HB101/pLPC;hd2 transformats. Arestriction site 
and fiinction map of plasmid pLPChdl is presented in FIG. 
15 of the accon^nying drawings. Plasmid pLPChdl and 
plasmid pLPChd2 DNA were isolated from the appropriate 
transformants in substantial accordance with the procedure 
of Example 3. 

Plasmids pLPChd3 and pLPChd4 are similar in structure 
to plasmids pLPChdl and pLPChd2. Plasmids pLPChd3 and 
pLPChd4 are constructed in substantial accordance with the 
procedure used to construct plasmids pLPChdl and 
pLPChd2, except plasmid pLPChyg2 is used as starting 
material in the procedure rather than plasmid pLPChygl. 
B. Constraction of Plasmids pLPCdhfrl and pLPCdhfr2 

About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of lOx BamHI buffer and 25 pi of H2O. 
About 10 pi (-25 units) of restriction enzyme BamHI were 
added to the soludon of plasmid pBW32 DNA, and the 
resulting reaction was incubated at 37° C. for 2 hours. The 
BamHI-digested plasmid pBW32 DNA was treated with 
Klenow in substantial accordance with the procedure in 
Example llA, The blunt-ended fragment was predpitated 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
an agarose gel, and dectrophoresed until the -1.9 kb BamHI 
restriction fragment that con^irises the dihydrofolate reduc- 
tase gene was separated from the other digestion products. 
The -1.9 kb restriction fragment was then isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of Example 4A; about 10 pg of the desired 
fragment were obtained and suspended in 50 pi of TO buffer. 

About 5 pi of Ndel-StuI-digested plasmid pLPC DNA, as 
prepared in Exan^)le 9, were added to 5 pi of the Klenow- 
treated, -1.9 kb BamHI restriction fragment of plasmid 
pBW32, 1.5 pi of lOx Hgase buffer, 1 pi (-1000 units) of T4 
DNA ligase, 1 pi (-2 units) of T4 RNA ligase, and 1,5 pi of 
H2O. The resulting ligation reaction was incubated at 16° C. 
overnight; the ligated DNA constituted the desired plasmids 
pLPCdhfrl and pLPCdhfo2, which differ only with respect 
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to the orientation of the -1.9 Kb fragment that contains the plasmid pLPChdl. These analagous plasmids differ from 
dhfr gene. The ligated DNA was used to transform K coU plasmid phd only with respect to the orientation of the 
K12 KB 101 in substantial accordance with the procedure of hygromydn icsistance-confeuing and/or dhfr genes. 
Example 2. The transformed cells were plated onto L agar 

containing ampidllin, and the ampidilin-xcsistant E, coU 5 EXAMPLE 13 
K12 HBlOl/pLPCdhfrl and^. coU K12 HB101/pLPCdhfr2 

transfOTmants were identified by restriction enzyme analysis Construction of Plasmid pLPCElA 

of their plasmid DNA. To isolate the ElA gene of adenovirus 2 DNA, about 20 

PYATomi rr 10 adenovirus 2 DNA (from BRL) were dissolved in 10 

10 pi of lOx Ban buffer (100 mM Ttis-HO, pH=7.6; 120 mM 

Construction of Plasmid phd ^^2^ 100 mM 2-mercaptoethanol; and 1 mg/ml BSA) and 

80 pi of HjO. About 10 pi (about 20 units) of restriction 

To construct plasmid phd, it was necessary to prepare the enzyme Ball were added to the solution of adenovirus 2 

plasmid pLPChdl DNA, used as starting material in the DNA, and the resulting reaction was incubated at 37* C, for 

construction of plasmid phd, from co/i host cells that lack 15 two hours. The Ball-digested DNA was loaded onto an 

an adenine methylase, such as that encoded by the dam gene, agarose gel and electrophoresed untQ the - 1. 8 kb restriction 

die product of which methylatcs the adenine residue in the fragment that comprises the ElA gene was separated from 

sequence 5'-GArC-3' coli K12 GM48 (NRRL B- 15725) the other digestion products. The -1.8 kb fragment was 

lacks a functional dam methylase and so is a suitable host to isolated from the gd and prepared for ligation in substantial 

use for the purpose of preparing plasmid pLPChdl DNA for 20 accordance with the procedure of Example 4A. About 3 Mg 

use as starting material in the construction of plasmid phd. of the desired fragment was obtained and suspended in 20 pi 

E. coli K12 GM48 cells were cultured and made compe- of TE buffer, 

tent for transfOTmation, and plasmid pLPChygl was used to About 5 pg of plasmid pLPC in 5 pi of TE buffer were 

transform the E. coli K12 GM48 cells in substantial accor- added to 2 pi of lOx StuI buffer and 11 pi of HjO. About 2 

dance with the procedure of Example 2. The transformed ^ jil (-10 units) of restriction enzyme StuI were added to the 

cells were plated on L agar containing ampicillin, and once solution of plasmid pLPC, and the resulting reaction was 

the ampicillin-rcsistant, E. coli K12 GM48/pLPChdl trans- incubated at 37° C. for 2 hours. The Stul-digested plasmid 

fonnants had formed colonies, one such colony was used to pLPC DNA was precipitated with ethanol and resuspendcd 

prepare plasmid pLPChdl DNA in substantial accordance in 2 pi of lOx Ndel buffer and 16 pi of H^O. About 2 pi (-10 

with the procedure of Example 3. About 1 mg of plasmid ^° units) of restriction enzyme Ndel were added to the solution 

pLPChdl DNA was obtained and suspended in about 1 ml of Stul-digested plasmid pLPC DNA, and the resulting 

of TE buffer. reaction was incubated at 37** C. for 2 hours. 

About 2 pg of plasmid pLPChdl DNAin 2pl of TE buffer The Ndel-StuI-digested plasmid pLPC DNA was precipi- 
wcrc added to 2 pi of lOx Bdl buffer (750 mM KQ; 60 mM tated with ethanol and resuspendcd in 5 pi of lOx Klenow 
Tris-HQ, pH=7.4; 100 mM MgQj; 10 mM DTT and 1 buffer and 42 pi of H^O. About 3 pi (~6 units) of Klenow 
mg^ml BSA) and 14 pi of HjO. About 2 pi (-10 units) of enzyme were added to the solution of DNA, and the result- 
restriction enzyme Bell were added to the solution of ing reaction was incubated at 37° C. for 30 minutes. The 
plasmid pLPChdl DNA, and the resulting reaction was reaction mixture was then loaded onto an agarose gd and 
incubated at 50** C. for two hours. The reaction was stopped ^ electrophcK-csed until the -5.82 kb, Klenow-treated, Ndel- 
by extracting the mixture once with phenol and twice with StuI restriction fragment was clearly separated from the 
dilorofonn. other reaction products. The fragment was isolated from the 

About 1 pi of the Bdl-digcsted plasmid pLPChd 1 DNA gel and prepared for ligation in substantial accordance with 

was added to 1 pi of lOx ligase buffer, 8 pi of H2O and 1 pi the procedure of Exaiiq)le 4A. About 2 pg of the -5.82 kb, 

(-500 units) of T4 DNA ligase. The ligation reaction was 45 Klenow-treated, Ndel-StuI restriction fragment of plasmid 

incubated at 16° C. overnight, and the ligated DNA consti- pLPC were obtained and suspended in 25 pi of TE buffer, 

tutedthc desired plasmid phd. Plasmid phd results from the About 9 pi of the -1.8 kb Bali restriction fragment of 

deletion of the extra Bell linkers that attached during the adenovirus 2 that encodes the ElA gene and 3 pi of the -5.82 

construction of plasmid pLPcat and die two adjacent BcU kb, Klenow-treated, Ndel-StuI restriction fragment of plas- 

restriction fragments of a total size of about 1.45 kb from ^ mid pLPC were added to 2 pi of lOx ligase buffer and 4 pi 

plasmid pLPChdl. A restriction site and function map of of HjO. About 1 pi (-500 units) of T4 DNA ligase and 1 pi 

plasmid phd is presented in HG. 16 of the accompanying (-2 units) of T4 RNA ligase were added to the solution of 

drawings. Plasmid phd facilitates the expression of any DNA, and the resulting reaction was incubated at 16° C. 

DNA sequence from the BK vims enhanccr-adenovinis late overnight. 

promoter of the present invention, because the DNA to be 55 jhe Ugated DNA constituted the desired plasmids 

expressed can be readily inserted in the correct position fa* pLPCElA and pLPCElAl, which differ with respect to the 

expression at die single BcH site on plasmid j^d. orientation of the EIA gene and possibly differ with respect 

The ligated DNA was used to transform E. coli K12 to the expression-enhancing effect the BK enhancer has on 

GM48 in substantial accordance with the procedure of the ElA gene on the plasmid. Because the ElA promoter is 

Example 2. The transformed cells were plated on L agar ^ located closer to the BK enhancer on plasmid pLPCElA 

containing ampicillin, and the anq)icillin-resistant E. coU than plasmid pLPCElAl, ElA expression may be higher 

K12GM48/phdtransformants were identified by restriction when plasmid pLPCElA is used as opposed to plasmid 

enzyme analysis of their plasmid DNA. pLPCElAl. A restriction site and function map of plasmid 

Plasmids analogous to plasmid phd can be constructed in pLPCElA is presented in FIG. 17 of the accompanying 

substantial accordance with the foregoing procedure for 65 drawings. 

constructing plasmid phd using any of plasmids pLPChd2, The ligated DNA was used to transfcm E. coli K12 

pLPChd3, or pLPChd4 as starting material rather than HBlOl in substantial accordance with the procedure of 
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Example 2. The transformed cells were plated on L agar 
containing ampidllin^ and the ampicillin-resistant transfor- 
mants were screened by restriction enzyme analysis of their 
plasmid DNA to identify the E, coU K12 HBlOl/pLPCElA 
and E. coli K12 HBlOl/pLPCElAl transformants. Plasmid 
DNA was obtained from the transformants for use in later 
experiments in substantial accordance with the procedure of 
Exaitpie 3. 

EXAMPLE 14 

Constniction of Plasmid pBLT 

About 1 Jig of plasmid pBW32 DNA (FIG. 14, Example 
10) in 1 Ml of TE buffer was added to 2 jd of lOx BamHI 
buffer and 15 pi of H^O. About 2 pi (-10 units) of restriction 
enzyme BamHI were added to the solution of plasmid 
pBW32 DNA, and the resulting reaction was incubated at 
37** C. for 2 hours. The reaction was stopped by first 
extracting the reaction mixture with phenol and then extract- 
ing the reaction mixture twice with chloroform. About 1 pi 
of the BamHl-digested plasmid pBW32 DNA was added to 

1 fil of lOx ligase buffer and 8 fil of HjO, and after about 1 
yl (-5(X) units) of T4 DNA ligase was added to the solution 
of DNA, the resulting reaction was incubated at 16° C. 
overnight 

The ligated DNA constituted the desired plasmid 
pBW32del, which is about 5.6 kb in size and conqjilses a 
single Hindm restriction site. The ligated DNA was used to 
transfcHin E. coli K12 HB 101 in substantial accordance with 
the procedure of Exanople 2. The desired E, coli K12 
HB101/pBW32del transformants were identified by their 
ampicillin-resistant resistant phenotype and by restriction 
enzyme analysis of dieir plasmid DNA. Plasmid pBW32del 
DNA was obtained from the transformants for use in sub- 
sequent constructions in substantial accordance with the 
procedure of Example 3. 

About 1 pg of plasmid pBW32del in 1 pi of TE buffer was 
added to 2 pi of lOx HindlE buffer and 15 pi of H2O. About 

2 pi (- 10 units) of restriction enzyme Hindm were added to 
the solution of plasmid pBW32del DNA, and the resulting 
reaction was incubated at ZT C. for 2 hours. The sample was 
diluted to 100 pi with TE buffer and treated with calf- 
intestinal alkaline phosphatase in substantial accordance 
with the procedure described in Exan^le 2. The reaction 
was extracted twice with phenol then once with chloroform. 
The Huidin-digested plasmid pBW32del DNA was then 
precipitated with ethanol and resuspended in 10 pi of H2O. 

Plasmid pBal8cat (Example 17) was digested with restric- 
tion enzyme HindlEL and the -0.65 kb Hindm restriction 
fragment that comprises the modified BK enhancer- 
adenovirus 2 late promoter cassette was isolated and pre- 
pared for ligation in substantial accordance with the proce- 
dure of Example 5. About 0.1 pg of the -0.65 kb ffindlH 
restriction fragment of plasmid pBal8cat in 5 pi of TE buffer 
was added to 3 pi of the solution of HindHI-digested plasmid 
pBW32del. About 1 pi (-500 units) of T4 DNA Ugase and 
1 pi of 1 Ox ligase buffer were added to the mixture of DNA, 
and the resulting reaction was incubated at 16** C. overnight 

The ligated DNA constituted the desired plasmid pBLT. A 
restriction site and function map of plasmid pBLT is pre- 
sented in FIG. 18 of the accon^anying drawings. The 
ligated DNA was used to transform £. coli K12 HBlOl in 
substantial accordance with the procedure of Example 2. 
The transformed cells were plated on L agar containing 
ampicillin, and the ampicillin-resistant E. coli K12 HBlOl/ 
pBLT transfcnnants were identified by restriction enzyniie 
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analysis of their plasmid DNA. Because the -0.65 kb 
Hindm restriction fragment could insert into Hindm- 
digested plasmid pBW32del in either one of two 
orientations, only one of which yields plasmid pBLT, the 
3 orientation of the -0.65 kb Hindm restriction fragment had 
to be determined to identify the E, coli K12 HBlOl/pBLT 
transformants. Plasmid pBU DNA was prepared from the 
transformants for use in subsequent constructions in sub- 
stantial accordance with the procedure of Example 3. 

10 

EXAMPLE 15 

Construction of Plasmids pBLThygl, pBLrhyg2, 
pBITdhfrl, and pBLTdhfr2 

1^ A. Construction of Plasmids pBLThygl and pBLThygZ 
About 4 pg of plasmid pBLT DNA in 4 pi of TE buffer 
were added to 2 pi of lOx Bamm buffer and 12 of HjO. 
About 2 pi (-10 units) of restriction enzyme Bamm were 
added to the solution of plasmid pBLT DNA, and the 

^ resulting reaction was incubated at 37** C. for 2 hours. The 
reaction was stopped by extracting the reaction mixture first 
with phenol and then with chlorofontL The Bamm-digested 
plasmid pBLT DNA was then precipitated with ethanol and 
resuspended in 2 pi of TE buffer. 

About 10 pg of plasmid pSV2hyg in 10 pi of TE buffer 
were added to 10 pi of lOx Bamffl buffer and 75 pi of H^O. 
About 5 pi (-25 units) of restriction enzyme Bamm were 
added to the solution of plasmid pSV2hyg DNA, and the 

3Q resulting reaction was incubated at 37** C. for 2 hours. The 
Bamm-digested plasmid pSV2hyg DNA was precipitated 
with ethanoL resuspended in 10 pi of TE buffer, loaded onto 
an agarose geL and dectrophoresed until the -2.5 kbBamm 
restriction fragment that comprises the hygromycin 

35 resistance-conferring gene was separated from the other 
digestion products. The -2.5 kb restriction fragment was 
then isolated from the gel and prepared for ligation in 
substantial accordance with the procedure of Example 4A; 
about 2 pg of the desired fragment were obtained and 

4Q suspended in 10 pi of TE buffer. 

About 2 pi of the Bamm-digested plasmid pBLT DNA 
and 1 pi of the -2,5 kb Bamm restriction fragment of 
plasmid pSV2hyg were added to 1 pi of 1 Ox ligase buffer, 5 
pi of H^O, and 1 pi (-500 units) of T4 DNA ligase, and the 

45 resulting reaction was incubated at 16** C. overnight. The 
ligated DNA constituted the desired plasmids pBLThygl 
and pBLThyg2, A restriction site and- function map of 
plasmid pBLThygl is presented in FIG. 19 of the accom- 
panying drawings. Plasmids pBLThygl and pBLThygi2 dif- 

50 fcr only with respect to the orientation of the -2.5 kb Bamffl 
restriction fragment that encodes the hygromycin resistance- 
conferring gene. 

The ligated DNA was used to transform £. coli K12 
HBlOl in substantial accordance with the procedure of 

55 Example 2. The transformed cells were plated onto L agar 
containing ampicillin. and the ampicillin-resistant E, coli 
K12 HBlOl/pBLThygl and £. coU K12 HB101/pBLThyg2 
transf (Hmants were identified by restriction enzyme analysis 
of their plasmid DNA. 

60 B. Construction of Plasmids pBLTdhfrl and pBITdhfr2 
About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of lOx Bamffl buffer and 25 pi of HjO. 
About 10 pi (-50 units) of restriction enzyme Bamffl were 
added to the solution of plasmid pBW32 DNA, and the 

65 resulting reaction was incubated at 37** C. fcr 2 hours. The 
Bamffl-digcsted plasmid pBW32 DNA was prcdpLtatcd 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
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an agarose gel, and dectiophoresed until the -1.9 kb BamHI 
lestricdon fragment that comprises the dihydrofolate reduc- 
tase gene was separated from the other d^estion products. 
The -1.9 kb restriction fragment was then isolated from the 
gd and prepared for ligation in substantial accordance with 
the procedure of Example 4A; about 10 ^g of the desired 
fragincnt were obtained and suspended in 50 pi of TE buffer. 

About 2 of the BamHI-digested plasmid pBLT DNA 
IH-epared in Example 15A and 1 of the -1.9 kb BamHI 
restriction fragment of plasmid pBW32 were added to 1 pi 
of lOx ligase buffer, 5 jd of HjO, and 1 pi (-500 units) of 
T4 DNA ligase, and die resulting reaction was incubated at 
16** C. ovemighL The hgated DNA constituted the desired 
plasmids pBLTdhfrl and pBLTdhfrS. A restriction site and 
function map of plasmid pBLTdhfrl presented in FIG. 20 of 
the accompanying drawings. Plasmids pBLTdhfrl and 
pBLTdhfr2 differ only widi respect to the orientation of the 
-1.9 kb Bamm restriction fragment that encodes the dhfr 
gene. 

The ligated DNA was used to transform E. coU K12 
HBlOl in substantial accordance with the procedure of 
Example 2. The transformed cells were plated onto L agar 
containing ampicillin, and the ampidUin-resistant E. coli 
K12 HBlOlpBLTdhfrl and£:. coti K12 HB10iypBLTdhfr2 
transfcHHiants were identified by restriction enzyme analysis 
of their plasmid DNA. 

EXAMPLE 16 

Construction of Plasmids phdTPA and phdMTPA 

A. Construction erf Intermediate Plasmid pTPA602 
About 50 ng of plasmid pTPA103 (Example 10, FIG. 14) 
in 45 pi of glass-distilled H^O were added to 30 pi of lOx 
EcoRI buffer and 225 pi of HjO. About 10 pi (-80 units) of 
restriction enzyme EcoRI were added to the solution of 
plasmid pTPA103 DNA, and the resulting reaction was 
incubated at 37° C. for 90 minutes. The EcoRI-digestcd 
plasmid pTPA103 DNA was predpitated with ethand, 
resuspended in 50 pi of Ix loading buffer (10% glycerol and 
0.02% hromophenol blue), loaded onto an agarose gel, and 
dectrophoresed until the -1.1 kb EcoRI restriction fragment 
was separated from the other reaction products. Tlie -1.1 kb 
EcoRI restriction fragment that comprises the TPA amino- 
terminal-encoding DNA and was isolated from the gel by 
dectrophoresing the fragment into a dialysis bag. The frag- 
ment was then predpitated with cthanol and resuspended in 
160 pi of HjO. 

About 40 pi of lOx Hgal buffer (0.5M NaQ; 60 mM 
THs-HQ, pH=7.4; and 0.1 M MgCl^), 200 pi of glass- 
distilled HjO, and 20 pi (about 10 units) of restriction 
enzyme Hgal were added to the solution of -1.1 EcoRI 
restriction fragment, and the resulting reaction was incu- 
bated at 37" C. fO£ 4 hours. The Hgal-digested DNA was 
precipitated with ethanol and then dectrophoresed on a 5% 
aciylamide gel, and the -520 bp restriction fragment that 
encodes the amino terminus of TPA was isolated onto DE81 
paper and recovered. About 5 pg of the -520 bp Hgal 
fragment were obtained and suspended in 50 pi of HjO. 

About 12.5 pi of lOx Klcnow buffer (0.5M Tris-HQ, 
pH=7.4, and 0.1 M MgCl^), 2 pi of a solution that was 6,25 
mM in each of the four deoxynudeotide triphosphates, 2 pi 
of 0.2M DTT, 1 pi of 7 pg/ml BSA, 57.5 pi of glass-distilled 
HjO, and 2 pi (-10 units) of Klenow enzyme (Boehringer- 
Mannheim Biochemicals, 7941 Castieway Dr., P.O. Box 
50816, Indianjqwlis, Ind. 46250) were added to the solution 
of the -520 bp Hgal restriction fragment, and the resulting 
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reaction was incubated at 20** C. for 30 minutes. The 
Klcnow-treatcd DNA was incubated at 70° C for 15 minutes 
and predpitated with ethanoL 
About 500 picomoles of BamHI linker (5'- 
5 CGGGArCCCG-3', double-stranded and obtained from 
New England Biolabs) were phosphorylated using poly- 
nudeotide kinase in a total reaction volume of 25 pi. The 
reaction was carried out in substantial accordance witii the 
procedure described in Exanq)le 6A. The kinascd BamHI 
jQ linkers were added to the solution of Klenow-treated, -520 
bp Hgal restriction fragment together with 15 pi of lOx 
Ugase buffCT, 7 pi (-7 Weiss units) of T4 DNAUgase, and 
enough gjass-distilled H2O to bring the reaction volume to 
150 pi. The resulting reaction was incubated at 16** C. 
15 overnight 

The ligation reaction was heat-inactivated, and the DNA 
was predpitated with cthanol and resuspended in 5 pi of lOx 
BamHI buffer and 45 pi of H^O. About 1 pi (-16 units) of 
restriction enzyme BamHI was added to the solution of 
20 DNA, and the resulting reaction was incubated at 37** C. for 
90 minutes. Then, another 16 units of BamHI enzyme were 
added to the reaction mixture, and the reaction was incu- 
bated at 37° C. for another 90 minutes. The reaction mixture 
was then electrophoresed on a 5% polyacrylamide gd, and 
25 the -530 bp Hgal restriction fragment, now with BamHI 
ends, was purified from the gel in substantial accordance 
with the procedure of Example 6A. About 2 pg of the desired 
fragment were obtained and suspended in 20 pi of HjO. 
BamHI-digested, dephosphorylated plasmid pBR322 
30 DNA can be obtained from New England Biolabs. About 0. 1 
pg of BaraHt-digested, dephosphorylated plasmid pBR322 
in 2 pi of HjO was added to 1 pi of die -530 bp Hgal 
restriction fragment, with BamHI ends, of plasmid 
pTPA103, 14 pi of HjO, and 1 pi (-1 Weiss unit) of T4 DNA 
35 ligase, and the resulting reaction was incubated at 16° C. 
overnight. Ihe ligated DNA constituted the desired plasmid 
pTPA602 and an equivalent plasmid designated pTPA601, 
whidi differs from plasmid pTPA602 only widi respect to 
the orientation of die inserted, -530 bp restriction fragment 
40 A restriction site and function m^ of plasmid pTPA602 is 
presented in FIG. 21 of the accompanying drawings. 

The ligated DNA was used to transform E coli K12 
MM294 in substantial accordance with the procedure of 
Example 2, except that 50 mM CaCla was used in the 
45 procedure. The transformed cdls were plated on L agar 
containing an^idllin, and the ampiciUin-resistant E. coli 
K12 MM294/pTPA602 and £. coU K12 MM294^TPA601 
cdls were identified by restriction enzyme analysis of their 
plasmid DNA. Presence of an -530 bp BamHI restriction 
50 fragment indicated that the plasmid was either pTPA602 or 
plasmid pTPA601. 

B. Construction of Intermediate Plasmid pTPA603 

About 5 pg of plasmid pTPA602 were dissolved in 20 pi 
of lOx Bglll and 180 pi of H^O. About 3 pi (-24 units) of 
55 restriction enzyme BglE were added to the solution of 
plasmid pTPA602 DNA, and the resulting reaction was 
incubated at 37° C. for 90 minutes. Then, -13 pi of lOx 
BamHI buffer were added to the reaction mixture to bring 
the salt concentration of the reaction mixture up to that 
60 recommended for Sail digestion, and 2 pi (-20 units) of 
restriction enzyme SaU were added to the reaction. The 
reaction was incubated at 37° C. for another 2 hours; then, 
the DNA was precipitated with ethanol, resuspended in 75 pi 
of loading buffer, loaded onto an agarose gel, and dectro- 
65 phoresed until the -4.2 kb BglO-Sall restriction fragment 
was separated from die other digestion products. The region 
of the gel containing the -4.2 kb BgUI-Sall restriction 
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fragment was excised from the gel, frozen, and the frozen DNA, and the resulting reaction was incubated at 37® C. for 

segmcntwas wrapped in plastic and squeezed to remove the 2 hours. The Ssfl-digested plasmid pTPA603 DNA was 

-4.2 kb fragment. The DNA was precipitated and resus- precipitated with ethanol and resuspended in 10 pi of lOx 

pcnded in 20 pi of HjO; about 200 nanograms of the desired Bglll buffer and 85 pi of HaO. About 5 pi (-50 units) of 

fragment were obtained. 5 restriction enzyme Bgin were added to the solution of 

About 12 pg of plasmid pTPA103 were dissolved in 15^1 Sstl-digested plasmid pTPA603 DNA, and the resulting 

of 10xBgUIbufferandl35plofH2O.About2pl(-16umts) reaction was incubated at 3T C. fcH- 2 hours. The BgUI- 

of restriction enzyme BglH were added to the solution of Sstl-digested plasmid pTPA603 DNA was dUuted to 100 pi 

plasmid iaPA103 DNA, and the resulting reaction was in TE buffer and treated with calf-intestinal alkaline phos- 

incubated at 37* C. for 90 minutes. About 10 pi of lOx lo phatase in substantial accordance with the procedure of 

Bamm buffer were added to the solution of BgUI-digested Example 2. The DNA was then precipitated with ethanol and 

plasmid pTPA 103 DNA to bring the salt concentratioD of the resuspended in 10 pi of H2O. 

reaction mixture up to that required for Sail digestion. Then, About 5 pi of the BgUI-Sstl-digested plasmid pTPA603 

about 2 pi (-20 units) of restriction enzyme SaU were added and 2 pi of the -690 bp BgUI-Sstl restriction fragment of 

to the solution of BglH-digested plasmid pTPA103 DNA, 15 plasmid pBLT were added to 2 pi of lOx ligasc buffer, 10 pi 

and the reaction was incubated at 37* C. for another 90 of H2O, and 1 pi (-1000 units) of T4 DNA ligase, and the 

minutes. The BglH-Sall digested plasmid pTPA103 DNA resulting ligation reaction was incubated at 16* C overnight 

was concentrated by ethanol precipitation and then loaded The ligated DNA constituted the desired plasmid 

onto an agarose gel, and the -2.05 Kb BgUI-Sall restriction pMTPA603. Plasmid p\rrPA603 is thus analogous in struc- 

fragment that encodes all but the amino-terminus of TPA 20 ture to plasmid pTPA603 (FIG. 22), except that plasmid 

was isolated from the gd, precipitated with ethanol and pMTPA603 encodes modified TPA, and plasmid pTPA603 

resuspended in 20 pi of HjO. About 2 pg of the desired encodes TPA. 

fragment were obtained. The ligated DNA was used to transform E. coU K12 

About 5 pi of the -4.2 Jd> Bgin-SaH restriction fragment HBlOl in substantial accordance with the procedure of 

of plasmid pTPA602 and 2 pi of the -2.05 kb BgUX-Sall 25 Example 2. The transformed cells were plated on L agar 

restriction fragment of plasmid pTPA103 were added to 2 pi containing ampicillin, and the ampidllin-rcsistant E, coli 

of lOx ligase buffer, 10 pi of -H^O 20, and 1 pi (-1 Weiss kl2 HB101/pMTPA603 transformants were identified by 

unit) of T4 DNA ligase, and the resulting ligation reaction restriction enzyme analysis of their plasmid DNA. 

was incubated at 16° C. overnight. The Ugated DNA con- D. Construction of Hasmid |AdTPA 

stituted the desired plasmid pTPA603. A restriction site and 30 About 10 pg of plasmid pTPA603 (Example 16B, FIG. 

function m^ of plasmid pTPA603 is presented in FIG. 22 of 22) in 10 pi of TE buffer were added to 10 pi of lOx BamHI 

the accompanying drawings. buffer and 85 pi of HjO. About 5 pi (-50 units) of restriction 

The ligated DNA was used to transform E, coli K12 enzyme BaimHI were added to the solution of plasmid 

MM294 in substantial accordance with the procedure of pTPA603 DNA, and the resulting reaction was incubated at 

Exanqjle 2, except that 50 mM CaO^ was used in the 35 37° C. for 2 hours. The BamHI-digested plasmid pTPA603 

jffocedure. The transformed cells were plated on L agar DNA was precipitated with etfianol, resuspended in 10 pi of 

containing ampicillin, and the ampicillin-rcsistant E. coli HjO, loaded onto an agarose gel, and dectroj^oresed until 

K12 MM294/pTPA603 transformants were identified by the -1.90 kb BamHI restriction fragment that encodes TPA 

restriction enzyme analysis of their plasmid DNA was separated from the other digestion p-oducts. The -1.90 

C. Construction of Plasmid pMTPA603 40 kb BamHI restriction fragment was isolated from the gel and 

About 100 pg of plasmid pBLT (Example 14, FIG. 18) in resuspended ia 50 pi of TE buffer; about 4 pg of the desired 

100 pi of TE buffer were added to 10 pi of lOx SsO (SstI is fragment were obtained, 

equivalent to restriction enzyme Sad) buffer (60 mM Tris- About 2 pg of plasmid phd (Exan^jle 12, FIG. 16) in 2 pi 
HQ, pH=7.4; 60 mM MgQj; 60 mM 2-mcrc^toethanol; of TE buffer were added to 2 pi of lOx BcU buffer and 14 
and 1 mg/ml BS A) and 25 pi of H^O. About 10 pi (-50 units) 45 pi of H2O. About 2 pi (-10 units) of restriction enzyme Bell 
of restriction enzyme SstI were added to the solution of were added to the solution of plasmid phd DNA, and the 
plasmid pBLT DNA, and the resulting reaction was incu- resulting reaction was incubated at 50* C. for 2 hours. The 
bated at 37° C. for 2 hours. The Ssfl-digested plasmid pBLT reaction was stopped by extracting tfie reaction mixture first 
DNAwaspredpitatedwithethanol and resuspended in 10 pi with phenol and then twice with chloroform. The Beli- 
ef lOx Bgin buffer and 85 pi of Hfi. About 5 pi (-50 units) 50 digested plasmid phd DNA was then precipitated with 
of restriction enzyme BgUI were added to the solution of ethanol and resuspended in 20 pi of TE buffer. 
Sstl-digested plasnud pBLT DNA, and the resulting reaction About 1 pi of the Bdl-digested plasmid phd and 2 pi of 
was incubated at 37* C. for 2 hours. the -1.90 kb BamHI restriction fragment of plasmid 

The Bgin-Sstl-digcsted plasmid pBLT DNA was precipi- pTPA603 were added to 1 pi of lOx ligase buffer, 5 pi of 

tated with ethanol, resuspended in 10 pi of HjO, loaded onto 55 H^O, and 1 pi (-500 units) of T4 DNA Hgase, The resulting 

an agarose gel, dectrophoresed, and the -690 bp BglH-Sstl ligation reaction was incubated at 16* C. overnight. The 

restriction fragment, which contains that portion of the ligated DNA constituted the desired plasmid phdTPA. A 

modified TPA coding sequence wherein the deletion to get restriction site and function naap of plasmid phdTPA is 

the modified TPA coding squence has occurred, of plasmid presented in FIG. 23 of the accon^anying drawings. 

pBLT was isolated from the gel in substantial accordance 60 The ligated DNA was used to transform E, coli K12 

with the procedure of Example 4A. About 5 pg of the desired HBlOl (NRRLB- 15626) in substantial accordance with ttie 
-690 bp Bgin-Ssfl restriction fragment of plasmid pBLT procedure of Exaiiq)le 2, The transformation mixture was 

was obtained and suspended in 100 pi of H^O. plated on L agar containing an:q>icillin, and the ampicillin- 

About 5 pg of plasmid pTPA603 (Example 16B, FIG. 22) resistant jE. coli K12 HBlOl/phcTTPA cells were identified by 
in 5 pi of TE buffer were added to 10 pi of lOx Ssd buffer 65 restriction enzyme analysis. The -1.90 kb BamHI restriction 
and 95 pi of H^O. About 5 pi (-50 units) of restriction fragment could insert into Bcll-digestcd plasmid phd in 
enzyme SstI were added to the solution of plasmid pTPA603 either one of two orientations, only one of which places the 
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TPA coding sequence in the proper position to be expressed 
under the control of the BK enhaDcer-adenovirus late pro- 
moter cassette and thus results in the desired plasmid 
phdTPA- 

E Construction of Plasmid phdMTPA 

About 10 \ig of plasmid pMTPA603 (Example 16C) in 10 
^l of TE buffer were added to 10 pi of lOx BamHI buffer and 
85 nl of HjO. About 5 pi (-50 units) of restriction enzyme 
BamHI were added to the solution of plasmid pMTPA603 
DNA, and the resulting reaction was incubated at 37" C. for 
2 hours. The BamHI-digested plasmid pMTPA603 DNA 
was precipitated with ethanol, resuspcndcd in 10 pi of H^O, 
loaded onto an agarose gel, and electrophoresed until the 
-1.35 ld> BamHI restriction firagment that encodes modified 
TPA was separated from the other digestion products. The 
-135 kb BamHI restriction fragment was isolated from the 
gel and resuspended in 20 pi of TE buffer; about 4 pg of the 
desired fragment were obtained. 

About 1 of the BcU-digested plasmid phd prepared in 
Example 16D and 2 ^il of the -1.35 kb BamHI restriction 
fragment of plasmid pNfrPA603 were added to 1 fd of lOx 
ligase buffer, 5 pi of H^ and 1 jil (-500 units) of T4 DNA 
iigase. The resulting ligation reaction was incubated at 16° 
C. ovemigjit The ligated DNA constituted the desired 
plasmid phdMTPA. A restriction site and function map of 
plasmid phdMTPA is presented in FIG. 24 of the accompa- 
nying drawings. 

The ligated DNA was used to transfonn E. coli K12 
HBlOl in substantial accordance with the procedure of 
Exan^le 2. The transformation mixture was plated on L agar 
containing ampicillin, and the ampidUin-resistant E. coli 



10 



15 



20 



25 



BamHI restriction fragment could insert into BClI-digested 
plasmid phd in cither one of two orientations, only one of 
which places the TPA coding sequence in the proper position 
to be expressed under die control of the BK enhancer- 
adenovinis late promoter and thus results in the desired 
plasmid phdNTTPA. 

EXAMPLE 17 

Construction of an In^roved BK Enhancer- 
Adenovirus Late Promoter Cassette 

The transcription-enhandng effect of the BK enhancer 
can be signiffcantiy increased by placing the enhancer from 
0 to 300 nucleotides upstream of the 5' end of die CAAT 
region or CAAT region equivalent of an adjacent eukaryotic 
promoter. The sequence and functional elements of the 
present BK enhanc^-adenovirus 2 late promoter cassette, 
before modification to achieve greater enhancing activity, is 
depicted below. This depiction assumes that the BK 
enhancer is from the prototype strain of BK virus, available 
from the ATCC under the VR-837. However, ATCC VR-837 
consists of a mixture of BK variants. Plasmid pBalScat and 
the other BK enhancer-containing plasmids of the invention 
comprise this BK enhancer variant and not the BK prototype 
enhancer depicted below. As stated above, however, any BK 
enhancer variant can be used in the methods and compounds 
of the present invention. Plasmid pBalScat can be obtained 
in E, coli K12 HBlOl cells from the Northern Regional 
Research Center, Peoria, HI. 61604 under the accession 
number NRRL B-18267. 



Hindni 

S^AAGCTITTCT CATTAAGGGA AGAmOCOC AGGCAGCTCT TTCAAGGCCT 

TGAGCTCCAT GGAXICmCC CTOnTAAGAA CTTTATCCAT TnTGCAAAA 

StuE 

AATAGGOATT TCCXrAAATA GmTGCTAG GCCTCAGAAA AAGCCTCCAC 

CnGAOAGAA AGC3GTGGAGG CAGAGGCGGC CTCGGCCTCr TATATATTAT 



* first repeat of the BK enhancer 

GCCACAGGGA GGAGCTGCTT ACCCATGGAA TGCAGCCAAA CCATOACCTC 



60 

AAAAGCriCCA 
120 

ATIGCAAAAG 
180 

ACCXHTACTA 

240 

AAAAAAAAAG 
300 



AGGAAGGAAA 
360 



* • secood repeat of ^ BK cnhazK^er 

GTGCATaACr CACAGGGGAA TGCAGCCAAA CCATGACCTC AGGAAGGAAA 



GTOCAIGACr 

420 



* repeat of the BK enhancer 

CACAGGGAGO AGCTGCTTAC CCATGGAATG CAGCCAAACC ATGACCTCAG 

♦ I 43 bp insert, not found in BK(DUN) 1 

GCATGACTGG GCAGCCAGCC AGTGGCAOIT AATAGTGAAA CCCCGCCGAC 

TGCGAGCCTA GGAATCTIGG CCITGTOCOC AOTTAAACTG GACAAAGGCC 

Stul/Pvun Sstl 
GCCAGGCTGI CCTCGAGCGO TGTTOCGOGG TCCTCCICGT ATAGAAACTC 



GAGACGAAGG CTCGCGTCCA 

nurccACTA GGGGGTCCAC 

TCAAGGAAGG TGATTGGnT 

TATA Box 
CTATAAAAGG GGGTGGGGGC 



ECU linker 
GCCAGCraAT CAGOCTAGGC 



GGCCAGCACG AAGGAGGCTA AGTGGGAGGG 

TCGCICCAGG GTCrrOAAGAC ACATGTCGCC 

CAAT Region 

ATAOGTGTAG GCCACGTGAC CGGGTGTrcC 

start site of transcription 

• > 

GCGTTCGrrcc TCACTcrcrr ccgcatogct 

874 

HiDdm 
TTTGCAAAAA GCTr-3' 



gaaggaaagt- 

480 

AGACATGTTr 

540 

ATGGTrCTGC 

600 

GGACCACTCT 

660 

GTAGCGGTCG 
720 

CTCrrCGGCA 

780 

TGAAGGGGGG 
840 

GTCTC5CGAGG 



63 

K12 HBlOl/phdMTPA cells were identified by restriction wherein A is dcoxyadenyl; G is deoxyguanyl; C is dcoxy- 
enzyme analysis of their plasmid DNA. The -1.35 kb cytidyl; and T is thymidyL 
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The prototype BK enhancer is defined by tiie three particular type of adenovirus can be used to supply the ElA 

repeated sequences indicated in the sequence above and gene product in the method of the present invention) and are 

functions similarly, with respect to an adjacent sequence^ in available from the ATCC under the accession number CRL 

either orientation. To bring the enhancer, more specifically, 1573. However, the expression vectors of the present inven- 

the 3' end of the third repeat (which depends on the 5 tion function in a wide variety of host cells, even if the ElA 

orientation) of the BK enhancer, closer to the 5' end of the gene product is not present Furthermore, the ElA gene 

CAAT region of the adenovirus-2 late promoter, about 82 \xg product can be introduced into a non-ElA-produdng cell 

of Sstt-digestedpIasmidpBLcatDNAin 170 pi of TE buffer line either by transformation with a vector of the present 

were added to 20 ]ii of 5x Bal31 nuclease buffer (O.IM invention that comprises the ElA gene, such as plasmids 

1Vis-Ha, pH=:8.1; 0.5M NaQ; 0.06 M CaQj; and 5 mM lo pLPCElA and pLPCElAl, or with sheered adenovirus 

NajEDTA) and 9 pi of Bal31 nuclease, which was CQixq)osed DNA, or by infection with adenovirus, 

of 6 jil (-6 units) of •'fast" and 3 jd (-3 units) of "slow" The transformation procedure described below refers to 

Bal31 enzyme (marketed by International Biotechnologies, 293 cells as the host cell line; however, the procedure is 

Inc., P.O. Box 1565, New Haven, Conn. 06506). The reac- generally applicable to most eukaryotic cell lines, A variety 

tion was incubated at 30"* C. for about 3 minutes; then, after 15 of cell lines have been transformed with the vectors of the 

about 10 jil of O.IM ECTTA were added to stop the reaction, present invention; some of the actual transformants con- 

the Bal3 1-digested DNA was collected by ethanol precipi- structed and related information are presented in the Tables 

tation and centrifugation. The DNA pellet was resuspended accompanying this Example. Because of the great nurober of 

in Ix Klenow buffer and treated with Klenow enzyme in expression vectors of the present invention, the transforma- 

substantial accordance with procedures previously described 20 tion procedure is described generically, and the actual trans- 

herein. formants constructed are presented in the Tables. 

The Klenow-trcated DNA was resuspended in 10 ]ii of TE ^93 cells are obtained from the ATCC under the accession 

buffer; about 1 pi of the DNA was then seff-Hgated in 10 pi number CRL 1573 in a 25 mm^ flask containing a confluent 

ci ix ligase buffer using T4 DNA and RNA Ugase as ^^onolayer of about 5.5x10* cells in Eagle's Minimum 

previously described. The ligated DNA was used to trans- 25 Essential Medium with 10% heat-inactivated horse serum, 

form E, coii K12 HBlOl, and then the transfonnants were ^^j^. ^ i^jcubated at 37° C; medium is changed twice 

plated onto L agar containing aii^icillin. Restriction enzyme weekly. The cells are sub-cultured by removing the medium, 

analysis was used to determine which transfonnants con- jj^.^ Balanced Salts solution (Gibco), adding 

taincd plasmids with an appropnatel)^^ued BK enhancer- q 25% trypsin for 1-2 minutes, rinsing with fresh medium, 

adenovirus 2 late promoter cassette. The foregoing proce- 30 aspirating, and dispensing into new flasks at a subcultivation 

dure generates a number of plasmids in which the BK ^^^^ ^.^ j^.-^q 

enhancer is placed within 0 to 300 nucleotides upstream of ^ . . * ^ * *• n j j * 

*i.i-iAAr« . £ ^ J * I* * r\ One dav pnor to transformation, cells are seeded at 

the CAAT region of the adenovirus late promoter. One ^ «^ , ^ , r^Z^ • i. j ^ u 

plasnud rcsultog from the above procedure was designated O-'^^O ^'^^.The medmmis changed 4 hours pnor 

plasmid pBalScat. Hasmid pBalScat is available from the 35 Stenk'<=*?°°l-I»f 

kKRL ulider the accession number NRRL B-18267. Plas- ^NA dissolved m TE buffer is used to P«pa« a 2x 

mid pBalScat contains a variant of the BK enhancer that is ^^^'^^'^^^f. ^""^^S ^0 ».8AnI DNA and 250 

beUeved to contain two repeat sequences of about 90 bp CaO,. 2x HBS is prqpared contaming 280 mM NaO^ 

each. TWs variant enhancer^ be used in the method of the ^° ^"^"'v'^, Vl!^^ 'I^^^nf '^'^ ■ 

present invention by placing the 3' end of the second repeat 40 fj^^^ ^ 7.05-7.15. The 2x DNA-CaQ, sotaUon is added 

within 0 to 300 nidcotidis of the CAAT region of tte ^ an equal volrnne of stenle 2x HBS. A one ml 

adenovirus late promote. **^iile Plas^c pipette with a cotton plug is ^^f^^o the 

Those skilled in the art wiU recognize that the foregoing ^/ t"?^ ^ contains the 2x ms, ^d bubbks are 

. J J £ j'JTZl 1 -J £ -u- u introduced by blowme while the DNA IS being added. The 

procedure produced a number of distinct plasnuds, of which , ^. , ™7 ..... ,. ^ . r 

1 'J tT lo * • -11 rm. 1 'A A^ calaum-phosphate-DNA precipitate is allowed to form 

plasmid pBalScat is illustrative. These plasmids, as a group, 45 . , ^ ^ . 5 . ^ ^ 

f,. TiTj- . • ^ £ ^ 7^ without agitation for 30-45 minutes at room temperature, 

represent plaang the BK enhancer at a vanety of distances vviui^ui a^ul^^J^l ^v— *w 

less than 300 nucleotides from the CAAT region of the Ad2 The precipitate is then mixed by genUe pipetting with a 

late promoter and thus comprise an inqwrtant aspect of the plastic pipette, and one ml (per plate) of precipitate is added 

present invention. This method for improving the activity of direcUy to the 10 ml of growth medium that covers the 

a BK enhancer, which can be adiieved using the foregoing 50 recipient cells. After 4 hours of incubation at 37° C, the 

procedure or others known to those skilled in the art, can be medium is replaced with DMEM with 10% fetal bovine 

used with any BK enhancer and any eukaryotic promoter. serum and the cells allowed to incubate for an additional 72 

hours before providing selective pressure. For transformants 

EXAMPLE 18 expressing recombinant human protein C, the growth 

55 medium contained 1 to 10 MS^ml vitamin K, a cofactor 

Construction of Eukaryotic Host Cell required for Y-carboxyiation of die protein. For plasmids that 

Transformants of tiic Expression Vectors of the con^se a selectable marker that functions in 

Present Invention and Determination of eukaryotic cells, the transformation procedure utilizes a 

Recombinant Gene Expression Levels in Those mixture of plasmids: the expression vector of the i^-esent 

Transformants ^ invention that lacks a selectable marker; and an expression 

An important aspect of the present invention concerns the vector that con^>rises a selectable marker that functions in 

use of the BK enhancer to stimulate gene expression in the eukaryotic cells. This co-transformation technique allows 

presence of the ElA gene product Because 293 cells con- for *e identification of ceUs that comprise both of the 

stitutively express the ElA gene product, 293 ceUs are the transfaimng plasmids. 

preferred host for the eukaryotic expression vectors of the 65 For cells transfected with plasmids containing the hygro- 
present invention. 293 cells are human embryonic kidney mydn resistance-conferring gene, hygromycin is added to 
cells transformed with adenovirus type 5 (note that any the growth medium to a final concentration of about 200 to 
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10 



15 



400 pg/ml. The cells are then incubated at 37** C far 2-4 
weeks widi medium changes at 3 to 4 day intervals. The 
resulting hygromydn-resistant colonies are transfenred to 
individual culture flasks for characterization. The selection 
of neomycin (G418 is also used in place of neomydn)- 
resistant colonies is performed in substantial accordance 
widi the selection procedure for hygromycin-resistant cells, 
except that G418 is added to a final concentration of 400 
pg/ml rather than hygromycin. 293 cells are dhfr positive, so 
293 transfonnants that contain plasmids conqirising the dhfir 
gene are not selected solely on the basis of die dhfr-positive 
phenotype, whidi is the ability to grow in media that lacks 
hypoxanthine and diyinine. Cell lines that do lack a func- 
tional dhfr gene and are transformed with dhfr-containing 
plasmids can be selected for on the basis of the dhfrf 
phenotype. 

The use of die dihydrofolate reductase (dhfr) gene as a 
selectable marker for introducing a gene or ptasmid into a 
dhfr-defident cell line and the subsequent use of methotr- 
exate to amplify the copy number of the plasmid has been 20 
well established in the literature. Although the use of dhfr as 
a selectable and aii^>lifiable marker in dhfr-producing cells 
has not been well studied, efficient coampiification in pri- 
mate cells requires an initial selection using a directly 
selectable marker before the coan^lification using methotr- 25 
exate. The use of the present invention is not limited by the 
selectable marker used Moreover, ampMable markers such 
as metallothionein genes, adenosine deaminase genes, or 
members of the multigene resistance family, exemplified by 
P-glycoprotein, can be utilized. In 293 cells, it is advanta- ^ 
geous to transfonn with a vector that contains a sdectable 
marker such as the hygromycin B rcsistance-confenlng gene 
and then amplify using methotrexate, whidi cannot be used 
for direct selection of murine dhfr-containing plasmids in 
293 cells. The levels of coampiification can be measured 35 
using Souttiem hybridization or other methods known in the 
art Tables 7 and 8 display the results of coampiification 
experiments in 293 cdls. 
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TABLE 4-continued 



Expressioa Levds in MK2 (AICC CXX7) Cell Tftansfonnants 



Plasmid Expressed Gene Expression Level 



pLPC4 PtotemC 


0.025-0.15 \ig/i<f cells/day, 




cotransfonncd with plasmid pSV2hyg. 


pUPC5 Protein C 


0.025-0.18 ng^lO* ccUs/day, 




cotransformod with plasmid pSY2hyg. 


TABLES 



Relative Levels of Cfalonunpbenicaol Acetylatransfeiase 
(CAT) Produced by Recombinant Plasmids in Various Human 
and Monkey Kidney Cell Lius 



Relative Level* of CAT in CcU Lme: 





293 




COS-1 






(ATCC 




(ATCC 


MK2 


Plaanud 


CRL 1573) 


kSlM** 


CRL 1650) 


(ATCC 0CL7) 


pLPcat 


0.17 


0.16 


0.18 


0.06 


pSV2cat 


1 


1 


1 


1 


pBLcat 


10.4 


2.7 


1.4 


1.3 


pSBLcat 


35 


5.4 


3.4 


2.8 


pSLcat 


0.20 


3.6 


NT 


1.05 


pBalScat 


17 


1.8 


NT 


1.2 



TABLE 3 
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Expression Levels in 293 Cell Transfomiants 

Expression Level (as measured by 
amount of expressed gene product in 
Plasmid Expressed Oene cell media) 

pLPChygl Protein C 0.1-4.0 \xg/lCfi cells/day. 

fLPCdhfrl Protein C 0.1-4.0 iigfl(f cells/day. 

pLPC4 Protein C 0.1-2.0 ng^lO* cells/day, ootransftmncd 

with plaanid pSVTtiyg. 

IJLPC5 Protein C 0.1-2.0 yLg/l(fi cells/day. cotransfbnned 

with plasmid pSVlbyg. 

pLPChdl Protein C -IJ. pg^lO* cells/day, 

piKfTPA TPA in a transient' assay conducted 24-36 

hours post-transfcrmatioD, about 05- 
1.25 fis/lCfi cells, if the VA gene 
product is present in the host cell and 
about 10-fbki less if not. Stable 
transfoimants produce about 25-3.8 pg/ 
4 X 10» cells/day. 



♦The values for the relative levels of CAT produced in each cell line were 
based on the level of CAT from plasmid pSV2cat as unity in that cell line. 
Results are the average of from 2 to 6 individual detexminations of each data 
point ND = not detected NT = not tested. Plasmid pSLcat is analogous to 
plasmid pBLcat buthas the SV40 enhancer rather than the BK enhancer. Only 
th 293 cell line produces ElA. The COS and k8l6-4 ccU lines produce T 
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**k816-4 cells were prepared by tiacsfonnation of primaiy human kidney 
cells with a plasmid, designated pMKl6, 8-16 (obtained from Y Ghmnan, 
Cold Spring Harbor), containing an SV40 genome wifli a defect in the origin 
of replication. Ibis cell line constitutivcly produces the T antigen of SV40. 
The k8l6-4 cell line is essentially the same as cell lizu SVl, aixi SV40- 
transfbnned human kidney line, described by E. O. Major, Polyooiarviiuses 
and Human Neurological Disease (Alan R. Lias, Inc., N.Y 1983, eds D. 
Madden, and J. Sever). 
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TABLE 6 

Relative Levels of Chtorampbeuicol Acctylatiansfcrase (CAT) 
Produced fcy Recombinant Plasmids in Various Human and Monkey 
Kidney Cell Lines Corrected for Relative DifiEcrences in 
Pla^^i d Copy Number 

Relative Level* of CAT in Cell Line: 



TABLE 4 



Expression Leveb in MK2 f ATCC CCLTi Cell TVansfomiants 
Plasmid Expressed Gene Expression Level 



pLPCfaygl Protein C 
pLPChd Protein C 



0.005-O.OW wg^lO* cefls/day. 
0-025-0.4 Hg^lO" cells/day. 
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Plasmid 


293 


k8l6^ 


MK2 


pLPcat 


0.18 


0.25 


0.015 


pSV2cat 


1 


2.1 


0.25 


pBLcat 


1X6 


5.8 


0,32 



•The vahics for the relative levels of CAT pnxhKed in each cell Une were 
corrected by dividipg the level of CAT m the cell lysate by the amount of 
plasmid DNA, as determined by hybridizatkiQ analysis, hi the same cell 
lytate. The corrected value for plasmid pSV2cat in 293 cells was taken as 
unity. 
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TABLE? 



Methotrexate sensitivily and level of HPC 
expresskm from 293 cells transfbrmed by plasmid pLPCbd 5 
and initially selected for hygromycin resistance. 



Level of Number of Level of HPC 



methotrexate (|jM) 


colonies 


(ng/lO^ cells) 


0 


confluent 


575 


0.05 


confluent 


1794 


0.2 


50(H- 


3786 


0.4 


32 


235 


0.8 


53 


325 


1.6 


58 


165 


3.2 


44 


310 



10 



tabi:e8 

Level of HPC in clones (selected for growth in increasing levels of 
metbotiexate following imtial selectton with hygomvcin (A^ or G418 fB) 

HPC fng/IO* cells/dav^ in MIX (iM) level of: 



0.05 0.1 0.2 0.4 



0.8 



1.6 3.2 



5.0 



10 



Pool 1118 

-1 

-10 

-35 

-26 

-37 

-21 

21 subclones 

21-1 

21-2 

21-3 

21-4 

21-5 

21-6 

21-7 

21-lOb-l 

2M0-3 

21-10b-3 

21-10b-4 

21-10b-5 

21-10b-6 

21-10-7 

21-10b-7 

21-lOb-lO 

21-10-2 

B* 

Pool 0925 
Subclones 

hdA6 

hdA4 

Al 

A2 

A3 



210 
310 
220 



270 
1820 
2170 
1520 
1300 
2400 

1100 1700 



240 



160 
370 
370 

460 
470 



150 
110 
210 
150 
630 



360 



290 
350 
200 
200 
160 

530 580 
3100 2450 2060 



4100 
4300 
3010 
2970 
4130 
2830 
1130 



1100 



680 



5790 
4700 
12175 
11155 
10235 
8490 
<20 
4990 
9500 
1705 



315 



600 



2200 



37000 
22250 
40000 
33750 
44250 



'^denotes cotrans£ectioa with plasmids {LFChd and pSV2Deo. 



EXAMPLE 19 

CeU line AV12 (ATCC CRL 9595) can be transfamed in 
substantial accordance with the procedure described for 293 
cells in Exanqde 18. However, unlike 293 cells, AV12 cells 
can be directly selected with methotrexate (200-500 nM) 
when transfarmed with a vector containing the murine dhfr 
gene. Table 6, below, illustrates the advantages of producing 
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a Y-carboxylated protein, in this instance, activated human 
protein C, in an adenoviius-transformed host ccU. The 
transfonnants were selected using hygromycin B or meth- 
otrexate; transforroants produced -2 to 4 [ig/ml of human 
protein C. Protein C levels can be increased to -10 jig/ml by 
65 an^lification with methotrexate. The protein C was acti- 
vated and its activity determined as described in Grinnell et 
al., 1987, Bio/Technology 5:1189. Activity values are based 
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on an activity of 1.0 for human plasma protein. The activities 
are expressed in ratios of activated partial thromboplastin 
time (APTT) over amidolytic (serine protease) activity or 
amount of protein C antigen (ELISA). 



TABLE 9 



FuQcticmal Activity of Protein C Produced in 
Adenovinis-transfoinied Cell Lines 


Cell Line 


APTT/Amkidytic 


APrr/EUSA 


2M/pLPChd 


1.2-1.7 


1.2-1.7 


AV12^pLPCbd 


O.^t.45 


0S~1AS 


SA7/pLFad 


nd 


1.0 


SV2(ypLPChd 


nd 


0.95 



nd DQt detcnxiiDed; SA7 aixl SV20 are Syrian hamster ceU 
with simian adenovirus 7 and sunian vizus 20, respectively. 



Table 9 shows that the recombinant protein C activity 
p-oduced in an adenovirus-transfonned host cell is at least as 
active as that found in human blood. In non-adenovinis- 
transfonned host cells, the anticoagulant activity of the 
recombinant protein C produced never exceeds 60% of the 
activity of human blood-derived protein C. 

EXAMPLE 20 

Constraction of Hasmids p4-14 and p2-5, Plasmids 
that Encode the Ty^)artite Leader of Adenovirus 

Plasmids p4-14 and p2-5 both utilize the inqixovcd 
BK-enhancer adenovirus late promoter cassette of plasmid 
pBal8cat and the tripartite leader of adenovirus to drive high 
level expression of human protein C in eukaiyotic host cells. 
The DNA encoding the adenovirus tripartite leader (TPL) 
was isolated from adenovirus; numbers in parentheses after 
restriction enzyme cut sites refer to map units of adenovirus. 

Plasmid pUC13 (commercially available from BRL) was 
digested with restriction enzymes SphI and BamHI and then 
Ugated with the TPL-encoding -7.2 Kb Sptd (5135)-BclI 
(12301) restriction fragment of adenovirus type 2 to yield 
plasmid pTPL4. Part of an intron was deleted from the 
TPL-encoding DNA by digesting plasmid pTPL4 with 
restriction enzymes Saul (7616) and BglE (8904), treating 
with Klenow enzyme, and religating to yield plasmid 
pATPL. Plasmid pATPL was then digested with restriction 
enzyme Xhol, and the -2.62 kb Xhol fragment encoding the 
TPL (Xhol sites at 5799 and 9689 of adenovirus) was 
isolated and prepared for ligation. 

Plasmid pBLcat was digested with restriction enzymes 
Xhol and BcU and then ligated with the linker; 
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y-GATCAC 
II 

TGAGCT-3' 

to yield plasmid pBALcat. This constraction replaces the 
adenovirus late fMTomoter on plasmid pBLcat with the linker 
sequence. Plasmid pBALcat was digested with restriction 
enzyme Xhol and ligated with the -2.62 kb Xhol restriction 

10 fragment of plasmid pATPL to yield plasmid pBALrTPL, in 
which the TPL-encoding fragment is coirectly positioned to 
place the BK enhancer, adenovirus major late promoter, and 
TPL in alignment for expression of the CAT gene. 
Plasmid p2-5 was then constructed by ligating these 

15 fragments : (1) the AatD-BclI restriction fragment of plasmid 
pLPChdl, which encodes the dhfr gene; (2) the protein 
C-encoding, Bdl restriction fragment of plasmid pLPChdl ; 
(3) the TPL-encoding PvuII-BclI restriction fragment of 
plasmid pBAI^TPL; and (4) the BK-enhancer-Ad2MLP- 

20 encoding PvuII-Aatll restriction fragment of plasmid 
pBalScat. Plasmid p2-5 thus contains the dhfr gene as a 
selectable, ampliiiable marker and the BK enhancer, 
Ad2MLP, and Ad2TPL correctly positioned to drive expres- 
sion of human protein C. 

25 Plasmid p4-14 is analogous to plasmid p2-5 but was 
constructed via an intermedite plasmid designated 
pBalSTPL. Plasmid pBalSTPL was constructed by ligating 
fragments 1, 3, and 4, used in the construction of plasmid 
p2-5, as described in the preceding paragraph. Plasmid 

^ pBalSTPL was then digested with restriction enzyme Xhol 
treated with Klenow enzyme to make the Xhol ends blunt- 
ended and then ligated with the human protein C-encoding, 
Klenow-treated BcIT restriction fragment of plasmid 
pLPChdl to yield plasmid p4-14. Thus, plasmid p4-14 only 

35 diflfers from plasmid p2-5 in that the protein C-encoding 
DNA was inserted at the Xhol site in the fragment derived 
from plasmid pBAL-TPL, whereas in plasmid p2-5, this 
DNA was inserted at the Bdl site in the DNA derived from 
plasmid pBAL^TPL. 

^ Plasmid p4-14 and p2-5 drive high-level expression of 
human protein C. In AV12 cells, plasmids p4-14 and p2-5 
can be directly selected using 200-500 nM methotrexate. 
AV12^>4-14 transformants, before ampMcation, express 
5-6 times more human protein C than AV12/pLPCdhfr 

*^ transformants. Amplification with methotrexate further 
increases the amount of human protein C produced by the 
cells. Plasmids p4-14 and p2-5 are thus illustrative of the 
higher expression levels achieved using the TPL of aden- 
ovirus. 



SEQUENCE LISTING 



( 1 ) GENERAL INFC»(MAnC»f: 

( i i i ) IWMBER OF SEQUENCES: 21 



( 2 )INFORMAnC»IFORSEQn>NO:l: 

{ i ) SEQUENCE CHARACIERISmcS: 
( A ) UBNOIH: 200 bBMiwn 
( B ) TYPB: mcleic acid 
( C ) SnUNDBTOlESS: ungle 
( D ) TOPOLOGY: fiMar 



( i i > MOLECULE TYPE: mRNA 
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( X i ) SEQUENCE CffiSCRIPTlON: SEQ OJ NO:l: 

ACUCUCUUCC GCAUCOCUOU CUOCOAOOOC CAGCUOUUOO OCUCOCGGUU OAOOACAAAC CO 

OCUUCGCOGU CUUUCCAOUA CUCUUOOAUC GOAAACCCGU COGCCUCCOA ACOUACUCCO 120 

CCACCOAGOG ACCUGAOCGA GUCCOCAUCG ACCOGAUCOO AAAACCUCUC GAGAAAOOCO 180 
UCUAACCAOU CACAQUCOCA 200 

( 2 ) INPCNRMXnON FOR SEQ ID NO:2: 

< i ) SBQUtENCE CHARACTERI^CS: 
{ A ) LENGTH: 33 base pain 
( B )TYPE: miclac add 
( C ) ^IRANDEDNESS: tingle 
( D ) TOPOLOGY: finesr 

( i i )MOLBCULETYPE:inRNA 

( X i ) SEQUENCE DESCRnrnON: SEQ ID }tOi2: 

ACUCUCUUCC GCAUCOCUOU CUGCOAGGGC CAG 33 

( 2 ) INPORMAHON FOR. SEQ ID N03: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 12 haac pain 
( B ) TYPE: mickic and 
( C ) SIRANDEDNESS: tinfi^ . 
( D ) TOPOLOGY: Hncar 

( i i ) MOLECULE TYPE: DNA (genonnc) 

( X i ) SEQUENCE E«SCRIFnON: SEQOJ N03: 

AOCTTTGATC AO 12 

( 2 ) INPORMAnON FOR SEQ ID tfO'A: 

( i ) SEQUENCE GHARACIERISrnCS: 
( A ) UEr4GTH: 12 base pain 
( B ) TYPE: niddc acid 
( C ) STRANDBDNESS: tiaak 
( D )T(»>OLOGY: linear 

( i i ) MOLECULE TYPE: DNA (gcnamic) 

( K i ) SEQXJENCB DESCRIPTION: SBQ ID N0:4: 

GCACCTGATC AA J 2 

( 2 ) INPORMAnON FOR SEQ ID NO*^: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 8 base pdn 
( B ) TYPE: luckic add 
( C ) SUtANIieDNBSS: irngte 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (senoimc) 

( X i ) SEQUENCE DESCRIPnC»J: SBQ n>NO:5: 

OTGATCAA 8 

( 2 )INPC«MAnONFORSEQIDNO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pmn 
( B > TYPE: suddc add 
( C ) SIRANDEDNESS: nngle 
( D ) TOPOLOGY: Hncar 
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( i i ) MOLECULE TYPE: DNA (gemsmc) 
( X i ) SEQUENCE reSCKIPnONrSBQ ID NOrfi: 
OATCTTOATC ACTOCA 

1 o 

( 2 )INK>RMAnONPC»SBQIDNO:7: 

( i ) SEQUENCE CHARACTERISmCS: 
( A ) LENGTH: S base pun 
( B ) TYPE: nockic aod 
( C ) sniANDEDNESS: aangle 
( D ) TC»>OL0OY: finev 

( i i ) MOLECULE TYPE: DNAfeeaoonc) 

( X i ) SEQUE^fCE DESCRIPnON: SEQ ID N0:7: 

CGGATCCO g 

( 2 )lNP0RMAnONK>RSBQIDNO:8: 

( i ) SEQUENCE CHARACTERISUCS; 

( A ) LENGIH: Bbawpait* 
< B ) TYPE: nucleic acid 
( C ) SIRANDEDNESS: ungk 
(D )TOPOLOOY:liMar 

( i i )MCX£CULEtYPE:DNA(Beittmc) 

( X i ) SEQUENCE DGSCtUPnON: SEQ ID NO:B: 

COGATCCG g 

( 2 )INFORMAnC»4FORSEQn3NO:9: 

( i ) SEQUENCE CHARACraWSnCS: 
(A ) LENGIH: 287 hue pain 
( B ) TYPE: mcleic uad 
( C > SntASDEXXiESSi single 
( D ^TOPGUOOYihoNa 

( i i ) MOLECULE TYPE: IWACgenosnc) 

( X i ) SEQUENCE E«SCIUPnON: SEQ ID NO:9: 

AATTCACGCT GTGOTGTTAT GOTCOOTGOT CGCTAGOGTO CCGACOCGCA TCTCGACTOC 60 

ACGGTOCACC AATOCTTCTO GCOTCAGGCA GCCAATCOOA AOCTOTGOTA TGGCTGTGCA 120 

OOTCGTATAA TCACCOCATA ATTCOAOTCG CTCAAGGCGC ACTCCCGTTC CGGATAATGT 180 

TTTTTGCTCC GACATCATAA COGTTCCOGC AAATATTCTG AAATGAOCTO TTOACAATTA 240 

ATCATCGAAC TAGTTAACTA GTACGCAAOT TCTCOTAAAA AOGOTAT 287 

( 2 ) INFORMATION FOR SEQ ID NO:10: 

( i ) SEQUENCE CHARACmUSUCS: 
( A ) LENGTH: 285 basepura 
( B ) TYI^: Tmclric acid 
( C ) SntANDEDNESS: amgle 
( D ) TOPOLOGY: liiiur 



( i i ) MOLECULE TYPE: DNA(j 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

CGATACCCTT TTTACGAGAA CTTOCOTACT AGTTAACTAG TTCOATOATT AATTOTCAAC 60 

AGCTCATTTC AGAATATTTG CCGGAACCOT TATGATOTCG GAGCAAAAAA CATTATCCGG 120 

AACOOGAOTG CGCCTTOAOC OACTCOAATT ATOCGGTGAT TATACGACCT GCACAOCCAT 180 

ACCACAOCTT CC G A T TGG C T G C C TO ACGC C AOAAGCATTG GTGCACCOTO CAGTCGAOAT 240 
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OCGCOTCGGC ACCCTAOCOA CCACCOACCA TAACACCACA OCGTO 285 

( 2 ) INPORMAnON FOR SBQ ID NOill: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: S base pan 
( B ) TYPE: Dudcac acid 
( C ) STRANDBEWJESS; nngkt 
( D )TiC)POUXJY:liiieai 

( i i )MOLBCULBTYPE:DNA(geiwanc) 

( X i ) SEQUENCE DESCRIPnON:SEQ ID NO:U: 

CCATATGG 8 

{ 2 >INPaRMAnONFOR5EQIDNai2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ft base pain 
( B }TYPE: lucjdc add 
( C ) STRANDEDNESS: nnBle 
( D ) TOPOUXJY: fiuear 

( i i ) MOLBCUUB TYPE: DNA (geiKamc) 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

CCATATOO 8 

( 2 )INPORMAnONFORSEQIDNO:13: 

( i ) SEQUENCE CHARACTERISmCS: 
( A ) LENGTH: 8 base pairs 
( B ) TYPE: nucleic acid 

< C ) STRANDEDNESS: ungle 

< D ) TOPOLOGY: lintw 

( i i ) MOLECULE TYPE: DNA (genomic) 
( X i ) SEQUENCE DESCRIPnCN: SEQ ID NO:13: 
COTTAACG « 



( 2 ) INPORMAnON FOR SEQ ID NO:l4: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: Sbase pairs 
( B ) TYPE: mckk add 
{ C ) STRANDEDNESS: single 
( D )T0P01j0GY: linear 

( i i ) MOLECULE TYPE: i:»7A(geaoaiic) 

( X i ) SEQUENCE MSCRIPTTON: SEQ ID N0:M: 



( 2 ) INFORMAnON FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: Dwacic add 
( C ) ^IRANDEDNESS: siagk 
( D >T0POLX)GY: linear 

( i i ) MOLECULE TYPE: DN A (genomic) 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO:15: 

OGGAAOTGCT GTOAAATATC CACCTOCOOC CTOAGA 



( 2 )INPORMAnONFORSEQlDNO:l6: 
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( i )SEQUE^fCBCHARACIERISncS: 
( A )LENOIH:4dbueFBin 
( B ) TYPE: BDdeic acid 
( C ) sntANI^DNESS: tingle 
( D )TaPOLOOY: linear 

( 1 i } Nf01ECUL£TYFE:I^lA(geD(jiinc) 

( X i ) SEQUENCE DeSCRIFnOK: SEQ ID NO;16: 

CTAOAOGOTA TTAATAATGT ATCOATTTAA ATAAOOAOGA ATAACA 46 

< 2 )INP0RMAnONFORSEQIDNO:17: 

( i > SEQUENCE CHARACIERISnCS: 
( A)LEN<nH:44hawpan 
( B ) TYPE: mckic add 
( C ) SIRANDGDNESS: mtfj^ 
(D )'rOPC«X)OY: linear 

( i i ) MOLECULE TYPE: I»U (Bcoomic) 

( X i ) SEQUENCE I3€SCRIPnON: SEQ ID NO:17: 

TATOTTATTC CTCCTTATTT AAATCOATAC ATTATTAATA CCCT 44 

( 2 )INPORMAnONFORSBQIDNO:I8: 

( i ) SEQUENCE CHARACTERISnCS: 
( A >LENCnH: 22faasej)axn 
( B ) TYPE: nidetc add 
( C ) SIRANDBDNESS: langle 
( D ) TOPOLOGY: finev 

( i i ) MOLECULE TYPE; DNA (genoanc) 

(X i ) SEQUENCE DESCRIPnON: SEQ ID NO:18: 

GATCTATTAA CTCAATCTAG AC 22 

( 3 )INPC»tMAnONFORSEQIDNO:19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOIH: 22 tttse pUB 
( B ) TYPE: Duckk ackl 
( C ) SIRANDBDNESS: ungle 
( D ) TC»>OLOGY: Haev 

( i i ) MOLECULE TYPE: DNA (geanmc) 

( X i ) SEQUENCE DESCRIFHCN: SEQID NO:19: 

TCOAOTCTAO ATTOAOTTAA TA ^2 

i 2 )INPORMAn(»JFORSEQIDNO:20: 

( i ) SEQUENCE CHARACTERISnCS: 
< A ) LENOIH: 872bjueiaks 
( B ) TYFB: nuclde acid 
( C ) SIRANDGDNESS: am^ 
(D )T0P0IjOOY:fiiie» 

( t i ) MOLECULE TYPE: DNA (gcaoonc) 

( X i ) SEQUENCE DESCRIPITON: SBQID NO:20: 

AAOCTTTTCT CATTAAOOOA A G A T T T C C C C AG O C A OC T C T TTCAAGOCCT AAAAOOTCCA 60 

TOAGCTCCAT GOATTCTTCC CTOTTAAOAA CTTTATCCAT TTTTGCAAAA ATTGCAAAAO 120 

AATAGOOATT TCCCCAAATA GTTTTOCTAG GCCTCAOAAA AAGCCTCCAC ACCCTTACTA 180 

CTTOAGAOAA AOGGTGGAGO CAOAOOCOGC CTCOGCCTCT TATATATTAT AAAAAAAAAO 240 

OCCACAGOOA GOAOCTGCTT ACCCATOGAA TOCAOCCAAA CCATOACCTC AGOAAOGAAA 300 
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OA 

oU 






OTOCATOACT 


CACAOGGGAA 


TG C AGC C A AA 


CC AT 0 ACCTC 


AOG AAGGAAA 


OTOCATOACT 


3 6 


0 


C ACAOOOAOO 


AOC TOC TT AC 


CC ATGO AATG 


CAGCCAAACC 


ATG ACCTCAG 


GAAGOAAAOT 


4 2 


0 


GC ATOACTGG 


GC AGCC AGC C 


AOTGGC AOTT 


AAT AGTG AAA 


CCCCGCCGAC 


AGACATOTTT 


4 S 


0 


TOCOAOCCT A 


OGAATCTTOG 


CCTTOTCCCC 


AOTTAAACTO 


OACAAAOOCC 


ATOOTTCTOC 


5 4 


0 


OCCAOGCTOT 


CCTTCGAGCG 


OTOTTCCGCG 


OTCCTCCTCG 


T AT AO AAACT 


COOACCACTC 


6 0 


0 


TOAOACOAAO 


GCTCGCGTCC 


AOGCC AGC AC 


GAAOOAGOCT 


AAOTOGG AGO 


GOTAGCGOTC 


6 6 


0 


GTTOTCCACT 


AGGOGOTCCA 


CTCGCTCC AO 


GGTGTGAAGA 


C AC ATGTCGC 


CCTCTTCGOC 


7 2 


0 


ATCAAOOAAG 


OTOATTOOTT 


T ATAGOTOTA 


OOCCAOACCO 


OOTOTTCCTG 


AAOOGGOOCT 


7 8 


0 


AT AAAAGOOO 


OTOOOOOCGC 


OTTCGTCCTC 


ACTCTCTTCC 


GC ATCOCTOT 


CTGCOAGGGC 


8 4 


0 


CAGCTGATC A 


GCCTAGOCTT 


TGCAAAAAOC 


TT 






S 7 


2 


( 2 ) INPORMAnON FOR SEQ ID NO:21: 














( i ) SGQUENCE CMARACIERISrnCS: 
{ A ) LEKOIH: 643 base paka 

< B ) TYPE: nuclnc acid 

< C ) STRANDEDNES5: uogk 

< D ) TOPOLOGY: linur 












< i i )MOLECXJLETYPE:DNA(aei» 


xntc) 












(% i ) SEQUENCE DESCRIPTION: SEQ ID NO:21: 












AAOCTTTTCT 


CATTAAOGGA 


AGATTTCCCC 


AGGCAOCTCT 


TTCAAGGCCT 


AAAAOGTCCA 


6 


0 


TOAGCTCCAT 


OGATTCTTCC 


CTGTTAAGAA 


CTT TATCC AT 


TTTTOCAAAA 


ATTGCAAAAG 


I 2 


0 


AATAGOOATT 


TCCCCAAATA 


OTTTTGCT AG 


GCCTCAOAAA 


AAOCCTCCAC 


ACCCTTACTA 


1 8 


0 


CTTOAGAGAA 


AGGGTGGAGG 


CAOAOGCGGC 


CT CGGCCTTC 


T TAT AT ATT A 


TAAAAAAAAA 


2 4 


0 


GOCCACAOOO 


AGOAQCTGCT 


TACCCATGGA 


ATGCAGCCAA 


ACCATGACCT 


CAGOAAOGAA 


3 0 


0 


AGTGCATGAC 


TC ACAGGOGA 


ATGCAGCCAA 


ACCATG ACCT 


C AGO AAOOAA 


AGTGCATGAC 


3 6 


0 


TCACAGGGAG 


GAOCTGCTT A 


CCCATGOAAT 


GCAGCC AAAC 


CATGACCTCA 


GOAAGOAAAO 


4 2 


0 


TOCATGACTO 


GOCAOCC AGC 


CAOTGOCAGT 


TAAT ACAOGG 


TOTGAAGAC A 


CATGTCOCCC 


4 8 


0 


TCTTCGGCAT 


CAAGGAAGGT 


GAATTOGTTT 


ATAOOTGTAO 


GCC ACGTGAC 


CGGGTGTTCC 


5 4 


0 


TGAAGOOOOG 


CT AT AAA AOG 


GGGTGOGOGC 


GCGTTCGTCC 


TC ACTCTCTT 


CCOCAT COCT 


6 0 


0 


OTCTOCGAGG 


GCC AGTO ATC 


AGCCT AGOCT 


TTGC AAAAAG 


CTT 




6 4 


3 



I claim: 

1. The recombinant human protein C molecule produced 
by inserting a vector compnsing the DNA encoding human 
protein C into an adenovirus-transforroed host cell then 
culturing said host cell under growth conditions suitable for 
production of said recombinant human protein C. 

2. The recombinant human protein C molecule of claim 1 
wherein the adenovirus-transformed host cell is selected 
from the group consisting of AV12 cells and human embry- 
onic kidney 293 cells. 



3. The recombinant human protein C molecule of daim 2 

wherein the adenovirus-transformed host cell is an AV12 
50 „ 
cell. 

4. The recombinant human protein C molecule of claim 2 
wherein the adenovirus transformed host cell is a human 
embryonic kidney 293 cell. 

55 

Hi itt i^i Ht 



1 



United states Patent nsj 

Grinnen 

[34J METHOD OF USING EDSABYOTIC 
. SJraKaON VECTORS COMHUSINGIHE 

EmAMeEs • • 

[75] Invencon Bifaa WvGdDiidl, liidlam5)olis,Jiid. 
[73] Asdgnee: KB Lflly and (Compjuv. IidiaB^ifa. 

Pl] Appi Na: 458,372 
P2I Hied: Jnii.2,1995 

Rdated App&catfon Datt 

[^1 Civiaaa of Sec No. 208^0i Kbc 9. 1994 wUch f. - 




530081; 435^240^ 
^ 435/69.1,2402, 
435/1723, 320,1. 226; 53M81 

[^51 RcfcRnces Qted 

PATENT DOCUMENTS 
4^fi245S 12A985 Riocuidi et at - 435/172J 
4.775,624 10/19S8 BaagetaL «JIIIZlJ^SsS2 
4,959^18 9^990 Farter etitZZIZir 4^1 
4.9<B.199 KW990 Qipai et iL 

TOREIGN PATEOT DOCUMENTS 

8530m7J 9/1985 Etmpeaa Pat (Nt 

M91606 a/1986 Eu«^Pu.Qit: 

0215548 3n987 Eunpeata Pal. Oft . 

0245949 11/1987 Earopctt Pat OH . 

024^9 11/1987 EM0Pe«PaLOft. 

WD«7y04722 8^987 WmT 

OTHER PUBUOOTONS 

Yang and Wu, 1979, Sdtnce 206:456-46Z 
Scif, ec al 1979, C^U 18:963-977. 
Roaeathal, et al, 1983, Scimce 222: 749-755. 
lSl!!So^ ^W, Moi«ar£xr a«/ CtOular Biology 4:8, 

Khowy and Gnus, 1983, Oil 33:313-314 
Bontem, et al, 1984 Mzoiw 312:608-612. 
Vcldch and Zlft 1985 CtU 40: 705-716. 
Ben, et ai, 1985 Science 230: 1391*1394: . 
Wood, et aL, 1984, Namn 112: 330-337, 
2aia, et al, 1979, C*ff 16: 851-861. 
Solnidc 1981 Cril24: 135-143. 



r and Sharp, 1985, Mie. Acids Res, 13(3): 841-857 
Afwnun, 1984, Proc Nad. Aead. ScL USA 82:689-693 

Sd©!* ^"'^ ^ ^ 

7^756^ ^'^^ ^ 

Waaylylc et al 1983, CeU 32: 503-514. 
inpcrialc, ec al 1983, CeU35; 127-136. 
Gtcca, et al, 1983, Celi 35: 137-148. 



IBHMilHIMililll 

US00S681932A. 

[Ul Patent Numben 5,681^32 
[451 Date of Patent; Oct 28, 1997 

Gaynoi; et al, 1984, Froc Nad. Acad. Sid. USA 81: 
1193-1197. 

Alwiac, 19W, MoL and OdL SlcL 5(5): 1034-1041 

Lewis and Manlcy, 1985, Nams 317: 169-171. 

Lebkowaki, et al, 9S5 Naiure 317:169-171. 

Weeks and Jones, 1985,M«:. Adds Res. 13(14) 5389-5402. 

Lcff and Chambon, 1986, MoL and CeiL BlaL 6(1): 

201-208. 

Yan, ct aU 1987, FedL Pwe. 46 2243. 

r^ri^ril, et al 1986 abstract torn 'Hiinar Vinia Meeting. 

Cold Sndngi Hazfaoi^ 

nrfttnrfi, et aU 1986; AioL CcH BioL 6(ll)-J596-3605. 
nrftini>Ti , et al 1987, abstract from Uth Stcenbodc Synqjo- 

Fostet; et aL 1987, modumUtry 26: 7003^7011 
. Kumar, et at 1986 J^c NaLAcadScL 83:3199-3203. 
Spanglcx; ct al, 1987, Sdcnc© 237^044-1046. 
iUonso-Cajilcn ct al, 1987, abstract from Tfansbtional 

Control Meetisgi 

Hansdika, et al, 1986, Hacmostasis 16:273-287. 

Choc eta], 1986, ^ene 46:277-286. . 

Sastry, ct al, 1985, Blodum Blcphyt, Res. Camm, 

132^795-803. 

rhw^nti, et al, 1982, Proe. NatL Acad ScL USA 
79:1815-1819, 

DcsdiatncttB, ct al, 1985, Prvc Natl Acad Set USA 
82:765-769. 

Han, L. and Sakm, H., 1988, Thrombosis and Hacmostasis 
60:267-37a _ 
rMnn^w^ et al, 1987 BioTedmology 5:1189-1192. 
Kawasaki, ct al 1976, /. BioL Chan. 251:1296-1302. 
Goto, et al, 1988 BioTechnology 6.67-71. ,^ , . 
Fostcx; et aL (1984) Pive. Natl Acad ScL USA 81: 
4766-477a 

msid, X Cttn. Invest, voL 64, 1979, pp- 761-769. 

Primary Examiner^atncs KcUa 

Attorneys Agents or fTm-^XsugUs K. Notmaa 

[57] ABSTRACT 

The fTOcnt invention is a method of using the BK enhances 
in tandem with a eukaryotic promoter to pronwto tcansoj^ 

tiott of DNA that encodes a nseM siibstance. The method of 
the present invention requires the presence of the ElA gene 
prodttct formaximmn oppression of the useftd wbstaace. 
The present hiventibn also con^aiacs a nmnber <Sf uscftil 
cwessionvccton that ccniprise the BK enhancer in tandm 

with the adenovirus 2 late promoter posldoned to dnve 
expression of a variety of proteins, such as protein C 
chlorffltphenicol acetyltransfcrase, and tissue plasminog^ 
acttyatot: The present hiventlon ftnthcr co mpri ses a method 
for inocasing the activity of the BK enhancer mvolvmg 
placement of the BK enhancer immediately upstream of the 

eukaryotic promoter used In tandem with the BK enhancer 
to drive expression of a uscM substance. Furthermore, the 
tffcscnt invention also compnacs a method fdr coan^lifica- 
5on of genes in primate ccUs- Additionally, the Invention 
ftoher conmriscs the recombinant human protein C mol- 
ecule produced in 293 cells which comprises novel glyco- 
sylatlon patterns. 
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METHOD or JJSISG ECKARTOTIC 
ESPSESSION TSCTORS COMPRISING THE 
BKVIRDS ENHANCER 

This qjplicatioa is a dhdsion, ci wppHcaHxm ScL Na s 
08/208^0 filed Mar. 9, 1994 widcih is t condnnatioa of 
^jpHcation Sec NTa 07/368,700, filed Joa. 20, 1989, now 
abandoned, which is a condnnatiott in part of application 
Set Ko. 07/250^)01, filed Sepi 27, 1988, now abandoned, 
which is a coi^uadon in paxt of appUcatioo Sec Ka lo 
€7/129.028, filed Dec 4, 1987, now abandoned, which is a 
continuation in paxt of application Set Na 849,999, filed 
Ape. 9, 1986, now abandoned. 

B ACKGROUra) OF THE INVENTION is 

' The present invention concaiis a method of using the BK 
enhancer in the presence of an immediate-early gene product 
of a large DNA virus to inrrraiie transa^ition of a lecom* 
binant gene ID eukaryotic host cells. The BK enhancer is a 
defined segment cf DNA thai consists of three r^eated 
sequences (the prototype BK enhanco is depicted in 
Example 17, below). However, a wide variety of BK 
enhanca variants, not aE consisting of three repeated 
sequences, are known in the art and suitable for use in the ^ 
invendon. 

Hie BKenhancff sequence exenpUfied herein is obtained 
from BK virus, a human papovavims that was first isolated 
from the of an immunosKqppressed patient BK viras is 
suspected of causing an unapparent childhood infection and 3^ 
is ubiquitous in the human population. Although BK virus 
grows optimally in human cclis, the vims undergoes an 
abortive cycle in non-piimate cells, transfdrms rodent cells 
in vitro, and induces tumors in hamsters. BK virus is very 
similar to SV40, but the enhancer sequences of the two 33 
papovaviruses, SV40 andBK. differ su bst a nti al ly in nude- 
ocide sequence. The oonq>lete nucleotide sequence of BK 
virus (-5,2 Ub) has been disclosed by SeifetaL, 1979»Cen 
18:963, and Yang and^ 1979» Science 206:456. Rototype 
BK virus is avaflable ficom the American T^pe Oilmre ^ 
Collection (ATCC), 12301 Paridawa Dr., Kodcville, Md. 
20852-1776, under the accesrion number ATCC VR-837. A 
restriction site and fhnction map of prototype BK virus is 
presented ia HO. 1 of the accompanying dtswingt. 

PnhanrM' f jf^f nfct are ela>«cting and incTcase thc level of 43 
transaction of an adjacent gene ftom its promoter in a 
fashioa that is relatively independeat of the position and 
orientation of the enhancer clemnnL Xa fact, Khoury and 
Gruss, 1983, Cett 33313, state that "the remadoble ability 
of enhancer sequences to ftmctiont^stream from, within, or 50 
downstream from eufauy otic genes distinguishes them from 
dasdcal promoter elements ... * and suggest tfiat certain 
cxpcdmental results indicate that "enhancers can act over 
considerable distances (perh^u >10 Id)).* 

The present invention teaches thai unexpected hicreases S5 
in transcription result upon positioaing the BK enhancer 
immediately upstream of (on the 5* side of) the •XIA/OT 
region of a eutayodc promoter that is used in tandem with 
me BK enhancer co transcribe a DNA sequence encoding a 
uscfulsubstance.TlieCAAriegioncr*1mmediateup$tream to 
region* or "-80 homology sequence- is a cis-acting 
upstream element that is a conserved region of nudeoddes 
observed in promoters whose sequences for ffanscripdonal 
activity have been dissected. The CAAT region is found in 
many, but not aU, promoters. In other promoters, equivalent 65 
ds-acting upstream dements are found, induding SPl bind- 
ing sites, the ocu sequence, nuclear htxa 1 binding sites. 
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the API and AF2 homologies, ghicocortlcoid xesponsc 
c lffTOff n ts , azul heat shock icaponse eiementa. The CAAT 
xcgion equivalent in the adeaoviicu major late promoto is 
the opstream transcdption Actor (UTF) binding site 
(appradmate mideotides -50 to upstream of the CAP 
site). Tlie CAAT sequence mrrfiates the e£Sciettcy of Iran- 
sorption and, wii& lew exceptions, cannot be deleted with- 
out decreasing promoter strength. 

Enhancer elements have been identified in a number of 
viruses, including polyoma virus, papilloma virus, 
adeaovinis,ictroviros,hcpatitis virus, cytomegalovirus, her- 
pes virus, papovavimses, such as simian vims 40 (SV40) 
andBK, and in many noa-viral genes, such as within mouse 
immnnogiobuiin gene intxons. P" h «n r^ elements may also 
be present in a wide variety of other organisms. Host crUg 
often react diffierently to different ^n hpn*^ elements. This 
cellular specificity indicates that host gene products intezact 
with ttio Mihawg*^ dement dudng gene expressian. 

Fuhanrpr elflmrnfs can also interact with viral gene 
products present in the host cdL Vdddi and 2iff, 19S3, Cell 
40:7QS; Bonem et aL, 1984, Nature 312:60.8; and Hen et al.. 
198S, Science 230:1391, disdose that the adettovxrus-2 eady 
region lA (ElA) gene products r^ress activation of tran- 
scription induc ed by the SV40, polyoma virus, mouse 
inununoglobulin gene and adenovirus-2 ElA enhancers. 
Enkaxyotic expression vectors that utilized enhancers to 
inoease transcr^tion of recombinant genes consequently 
were not expected to wodc better than vectors without 
enhancers in ElA-containing host ccUs. In. striking contrast 
to the prior art mediods of using enhancers, the present 
method for using the BK vitus enhancer dement involves 
using the ElA gene product or a similar immediate-early 
gene product of a large DNA virus to gene 
expression. Urns, the present invention teaches that the 
ability of the BK enhancer to promote transcription of DKA 
is inoeasedin the presence of the ElA gene product of any 
adenovirus. 

The ElA gene product (acmaEy, the ElA gene produces 
two products, which are coUectivdy lefeu e d to herein as 
ElA gene product^ is an immediate-early gene produa 
of adenovirus, a large DNA virus. The present invention 
encompasses ^ use of any inunedlate-eady gene product of 
a large DNA virus that fimctions similarly to the ElA gene 
pxodxtti to Increase the acdvily of the BK fmhanrcr. The 
herpes sinqdcx virus ICP4 protdn, desaibed by DeLuca et 
aL, 1985, MoL CdL BioL 5: 1997-2008, the pseudorabies 
vims IE protein, described by Fddman et aL, 1982 RNJLS. 
79:4952-4955, and the BIB protein of adenovirus are all 
immediate-early gene products of large DNA vimses that 
have ftmctions similar to the ElA protdn. Therefore, the 
method of the present invention hidudes the use of the ICP4, 
IE, or ElB proteins, either in the presence or absence of ElA 
protdn, to increase the activity of the BK enhancer. 

SUMMARY OF THE INVENTION 

The present invention concerns a method of using the BK 
virus enhancer in the presence of an immediare-eady gene 
product of a large DNA virus, such as the EIA gene product 
of adenovizusi for piU)poses of increasing transcr^don and 
expression of recombinant genes in euJcaryodc host cells. 
Another significant aspect of the present invention relates to 
a variety of expression yectora that utilize the BK enhancer 
sequence in tandem wi£^ a eukaryodc promoter, such as the 
adenovirus late promoter (MLP), to drive expression of 
useful products in eukaryodc host cells. Many of these 
expression vectors conqxise a BK enhancer*adenovxrus late 
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promoter ca asett e, wMch can be readOy trai ufeii e d to otha 
vectoisfar use in Che present metbod. Tlie venatility of ^ 
present expression vectors is demonstrated by the hi^-level 
expression ddven by these vectors of sudi diverse proteitts 
as chlontmphenicol ace^Uransf exase^ proteis C, tissne plas- 
minogen activatart and modiflnd tissue plasminogen active 
tea: 

In the construction of certain vecton of the invention, the 
BK enhancer and SV40 enhancer were.piaced in tandem at 
the tout (5*) end of ttie MLP, itself positioned to drive 
expression of a xecombinast gene on a xecomhinant DNA 
expression vector: This tsndemplaconent yielded nac^eor- 
edly higher levels of cqvession in ceQs that did not egtpress 
the immediate-early gene product of a large DKA vinu. 
Conseqnendy^ a further aspect of the invention is a method 
of produdng a gene product in a recombinant host cell that 
coTnpiisrs transfoardng the hoft cell with a recombinant 
DNA vector that comiidses two different enhandsrs placed at 
the 5* end of the coding sequence fior the gene product and 
cuInzoDg the tnnsfoxmed " n^T conditions tf^M allow 
for gene expression. 

ThepractioB of the invention to esqpress human protein C 
in adenovirus-tansfarmed cells led to the discovery that 
such cells are especially prefcxred hosts for the production of 
Y-carboxylated proteins. Consequents^ a ftirther aspect of 
tiie invention coojsises a method f car suJdng T^cartxnylated 
proteins. 

Yet another ln^portant aspect of the present invention 
concons a method of increasing the activity of the BK 
enhancer relative to an atyacent eukaryodc promoter and is 
illustrated using the BK enhaacer-adenovirtts-2 late pro- 
moter cassette. These derivatives were constructed by enzy- 
matic treatment that positioned the BK enhancer very dose 
to the CAAT region of the adenovxcas-2 late promoter: 
Dramatic increases in eaqnession levels, as oon^Mred with 
constructions that lack this positioning, were observed when 
these modified BK enhancer^adenovims late promoter 
sequences were incorporated into expressbn vectors and 
then used to drive e xp r es sion of nscftil gene proclncts in 
eukaryotic host cells. Thus, the present invention provides a 
method fbr increasing the activity of the BK ienhanccr 
relative to an adjacent eukaryotic promoter that con^pdses 
positioning the enhancer immediately upstream, witidn 0 to 
about 300 nucleotides, of the 5* end of the CAAT region or 
CAAT region equivalent of the eukaryotic pramotec 

Yet another aspect of the invention results from atte&^its 
to increase expression ofrecorobfaant products encoded on 
the vectors descdbed herdn by incorporatioa of portions of 
the tnparthe leader sequence of adenovirus into those 
expression vectors. Significant increases in expressionresult 
when the first part of the tdpartxte leader of adenovirus is 
encoded into a recombinant DNA expression vector, and 
such expression can be further inaeased in some situations 
by action of the VA gene product of adeaovims. 

An additional aspect of the present invention concerns a 
method of amplification of genes hi primate cells. The most 
widely used method for gene amplification employs the 
murine dihydrofolate reductase gene for selection and 
amplification in a dhfr deficient ceU line. Human polypep- 
tides often require pcst-trsnslational modifications which 
occur most efficiently in primate cells, yet mostpdmate cells 
cannot be directly selected or ftmplfflr'd using only the dhfir 
system. The present invention provides a method wherein 
the primate cells are first isolated using a directiy selectable 
marker, then amplified using Che dhfr system, thereby sig- 
nificantly inaeasing the expression levels from primate 
cells. 
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8n««h <tf or UU aiao^ 

AatiUotie Resistaace-Coiifeniiig Qeae— « DNA 
^encode „ «:tiWQr tfut SS^SIrS! 

of ihcoiponmng a segment of DNA 

<lh£r--dttgnliofolate lednctase. 

^^n^DNAencodtag„iniron.d«,caned«I«ervening 

La^e DNA yinu-«TAm that infects eukaiyotic cells 

P«viiujes,a«lcnovjnises,tndhe«pesyiTO ' 

BMjor late promoter of adenoytas. which i, 

NcoRr-aie neonqreia lesistanctsconfeixiag gene, whldi 
2^obeMe<ltoconf«G418i«ist««ei„ ^tfS 

oi— aplaamid oijgia of repHcatloa. 
pA^DNAseqiwiceencodkgapoIyadeaylatto 

RecwnWnaat DNA Ooning Vector-nmy antoSomoudy 

:rlSS£?^'°^'^»'«-°^«8-«t,c«>be 

Rficmahinant DNAEqaession Vcctoiu^ recwablaant 
m^dontog vector compristog a promoter Ld moS 
Insaaonste. Into whidi a DNA moleeole that en<^ a 
useful product caa be Inserted aad expressed. ^ 

ReeomUaant DNA Vectcv-any recombinant DNA don- 
ug or expression vectcc 

R^n-a^ DNA se<iuence that controls the rtpUca- 
Hon of a recombinaiit DNA vector. 

Restriction fta^at-any linear DNA generated by the 
actioa of one or more restriction enzymes. 

ANA— nbosomal ribonnddc add. 

Sensitive Host Cdl-a host cell that cannot grow in the 

S*T nx,'.^"^ "'^'^ °' compound 
widiow a DNA segment Out confen resistance thoeto 
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Stnictaral Gcne-^-^ DNA sequence that encodes a 
polypqitide, indusivo of that DNA encoding the start and 
stop codons. 

Strnctural Polypeptide — any nscfal polypeptide* 
including, but not limited to, human protein C, tissue plas- 
minogen activatax; jwgiHn^ tttrombomDdulin, factor Va or 
&ctorVIIIa. 

TcR— the tetzacydine-iesistant pgcnc type or gene con- 
fezxing same. 

Xransformaat — a rccgiicnt host oeU that has nndecgone 
tcansfocmaticn. 

Transfotmation— the introduction of DNAinto a recipient 
host ceL 

tRNA— transfer xSbonudeic add. 

• BKEF DESCRIFiroN OF THE HGUKES 
FKj. 1 is a restiictiott site and fiinction map of vixas. 
FIG. 2 £s a restriction site and fhncticn ma^ of plasmid 
piBKEl. 

FIQ. 3 is a restdctxon site and Auction nap of plasnud 
pBKheol* 

FKj. 4 is a restdction site and fhnction loap of plasmid 
pSV2cat 

FIQ. 5 is a xestzictidn site and ftmction iiaap of plasmid 
pLPcaL 

FKj. 6 is a restriction site and ihnction map of plasmid 

FKj. 7 is a restziction site and iimction m^ of pla.^mM 

FKj. 8 is a restdcdon site and ftmction m:^ of plasmid 
pSBLcat 

FKj. 9 depicts the construction and presents a restricdon 
site and ftmcdon map of plasmid pL133. 

FIG. 10 is a restdction site and ftmctiott map of plasmid 
pLPC 

FIG. U is a restdction site andfhmction map of plasmid 
pLPC4. 

FIQ. 12 is a restdcdon site and function map of plasmid 
pSV2hyg. 

FIG. 13 is a restdcdon site and function m^ of plasmi d 
pLPChyg. 

FIG. 14, parts 1-3 dqfoct the construction and presents a 
restdcdon dte and ftm^on map of plasmid pBW3Z 

FKj. 15 is a restdction site and ftmction map of plasmid 
pLPChdL 

FKj. 16 is arestdcdon site andfuncdon map of plasmid 
phd. 

FK}. 17 is a restdcdon site and fdncdon map of plasmid 
pUPCElA. 

FK}. 18 is arestdcdon site andftmcdon map of plasmid 
pBLT. 

FIO. 19 is a restricdon site and function nup of plasmid 
pBUhygL 

FIG. 20 is a restdcdon site and function xoap of plasmid 
pBLTdhfrl. 

FKj. 21 is a restdcdon site and funcdoa map of plasmid 
pTPA60Z 

FIG. 22 is a restdcdon site and foncdon map of plasmid 

FIG. 23 is a restdcdon site and ftmcdon map of plasmid 
phdTPA. 

FIG. 24 is a restricdon site and ftmction map of plasmid 
phdMTPA. 
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DEXAHJBD DESGRIFnON OFTHB 
INVENTION 

The present invention izx^oved method for 

prodnclag a usefaL substance in a edcaxyotic host cell 
whexein said cdl is txansfcmed with a i ra ymihfnant DNA 
vectcr that can^xdses a eokaiy otic promoter, aBE enhancer 
positioned to sttaolate said promotex; and a DKAseqacnce. 
that encodes said nscAil aabstance, said sequence being 
positioned for csqnession frcm said proaiotra; and whereia 
said ceH containing said vector is coltored nnder condidons 
suitable for esqsesdon of said nscfial substance, wherein the 
nnprovement con^rises: (a) providing said cell widi a DNA 
sequence ib»t codes for die esqnession of an immediate- 
eady gene product of a large DNA vims; and Cb) mltmin g 
said of step a) under conditions suitable for exptessiBg 
gaiff gene product and stimulating the activity of said 
enhances 'Hiose skilled in the art recognize that many 
established cell lines express an immediate-eariy gene prod* 
net of a large DNA vixns and that such cell lines are 
especially useM in the present method. Thus« the present 
invention also oon^iiises an baptovtd method for producing 
a useM substance in a eulcaiyotie host ceU whereia said cell 
is transformed with a recombinant DKA vector that com- 
prises a enkazyotic promoter, a BK enhancer posidoned to 
sdnuilate said |vomoter, and a DNA sequence (hat encodes 
said usefbl substance, said sequence being positioned for 
expression from said promoter; and ^v^icxcxn said cell con- 
taining said vector is cultured under conditions suitable for 
expression of said useful substance, wherein the improve- 
ment comprises: (a) insetting said vector into a eukaryotic 
host cell that es^esses an immediate-eariy gene product of 
a large DNA virus, and (b) mltimng said cell of step a) under 
conditions suitable fhr esqiressing said gene product and 
stinonlating the activity of said ^whan fgf^ 

Aninoportant aspect of the present invention is the novel 
group of expression ve ctors that rrmjp^^ the BK enhancer 
sequence in widi die adettovinis-2 late promotA 

Hie expression vectors of the present invention were con- 
structed so Oiat DNA molecules encoding useM products 
can be or have been zeadHy inserted into the vectors in the 
cooect position for expression. Fiuthcnnorc, the BK 
enhancer sequence and eulcazyodc promoter have been con- 
structed to fbnn a ••cassette," which can be isolatrd &om the 
expression vectors on arelatively small restricdon frngEoeat 
The ra ; ? r ttft can be readily shuttled between a variety of 
expression vectors. Tho exjffession vectors specifically 
exeoE^Ufied lierein utilize the adenovixu»-2 or BK late 
promoter In the BK ehhancer-eulcaryotic promoter. cassette* 
that ddves transcr^tion in the method of the present inven- 
tion. 

Although BK virus (ATCC VR-837) can be pnrrfiased or 
readily isolated in large quantides as described in Example 
1, it is also convenient to done the BK viral DNA onto a 
plasmid cloning vector and use die recombinant vector as a 
source of BK viral DNA sequences. Consequendy, BK viral 
DNA was digested with restriction enzyme BcoRI, whicb, 
due to the presence of only one EcoRI site on the BK 
genome, produced linear BK DKA. Plasmid pUC8 
(avaflablefiromBethesda Research Laboratories CBKL), P.O. 
Box 6009, Gaithcrsburg. Md. 20877) was likewise digested 
and linearized with'' resuicdon enzyme EcoRl and the 
EcoRI-cut plasmid pUCS DNA was ligatcd to the EcoRI-cut 
BK viral DNA to formplasmids pBKEl and pBKE2, whldi 
differ only with respect to the orientation of the BK viral 
DNA. Arestriction site'and function map of plasmid pBKEl 
is presented in FIG. 2 of the accon^aaying drawings. The 
construction of plasmids pBKHl andpBKP.2 is described in 
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Hie BK viral genome bas also been combined ^ritti a 
portiott of plasmid pdBFV-MMTneo to coostinct plasnids 
pBKncol and pBKacoi Plasmid pdBPV-MMTneo, about 
15 ^ in size and ovaiUbie 6om tbe ATCC onder the 
accession number ATCC 37224« cozx^dses tfaexq>licon 'and 
^lactamase gene &om plasmid pBB322, the mouse metal- 
lothioncia promoter positioned to drive expression of a 
structural gene that encodes a neomycin resistance- 
oonfoxing enzyme, and about 3 kb of bovine papilloma 
virus <BPV) DNA. Plasmid pdBPV-MMTnco can be 
digested with restriction caaytDO BomHI to generate two 
fifagmftn tg the -8 kb fragment that comprises the BPV DNA 
and an -7 kb fragment that comptises the oOier sequences 
descxibed above. BK virus has only one BaooEQC restriction 
site, and plasmids pBKneo 1 and pBKneOZ were constructed 
by ligating the -7 lEb Ban^ restriction fragment of plasmid 
pdBPV-MMTneo to BamHI-linearizcd BK vims. DNA. The 
ttn^ction of plasmids pBKneol and pBKneoZ, which 
differ only with respect to the orientation of the BK virus 
DNA, is described in Exaa^ple 3, and a restriction site and 
fiittcdon map of plasmid pBKneol is presented in HG. 3 of 
the accQisvanying drawings. 

Plasmids pBKEl, pBK£2, pBKneol, and pBKne02 each 
comprise the entire genome of the BK virus, induding the 
enhancer sequence* and thus serve as usdul starting mate- 
rials for flie c3qiression vcctoo of the present invention. One 
rodi illustrative cDcpccssion vector, plasmid pBLcat, com- 
prises the BK enhancer sequence in tandem with the human 
adenovirus-typc-2 late promoter positioned to drive aprcs- 
sion of the chlcrainphenicol acetyltransfcrase enzyme 
(CAT)* Plasmid p5V2cat serves as a convenient source of 
the CAT gene and can be obtained from the ATCC under the 
accession number ATCC 37155. Arcstriction site and func- 
tion map of plasmid pSV2cat is presented in HG. 4 of the 
accon^anying drawings. Human adenovirus-type-2 DNA is 
oommfizdally available and can also be obtained from tlie 
ATCC under the acc^sion numba ATCC VR-2. 

Clttstrative plasmid pBLcat was constructed by ligating 
the -032 kb late-promotcr-containing Acdt-PvuIIrestricdon 
fragment of human Bdenovinis-type-2 DNA to Wnnt-endcd 
Bdl lintes that attached only to the PvuII end of the 
Acd-PvuH restriction fragment The restiUing fragment was 
then ligatedto die -4 Jl kbAcd-StuIrcstticdon fragment of 
plasmid pSV2cat to yield intermediate plasmid pLPcat, for 
which a restriction site and function xnap is presented in HO. 
5 of the accon^ying drawings. The desired plasmid 
pBLcat was constructed fromplasmid pLPcat by ligating the 
origin of rcpEcation and enhancer-containing. -108 Jdi 
AcdD-Pvun restricdon fragment of BK virua DNA to the 
-4.8 1 kb Acd-^ml restriction fragment of plasmid plPeat 
Arcstricdon site and function map of the resultant plasmid 
pBUat is presented in HG. 6 of the accon^anying draw- 
ings. The construction of plasmid pBLcat is further 
descxibed in Example 4. 

Plasmid pBKcat is an expression vector dxat ftirther 
exemplifies the present invention and ntflizes the BK 
enhancer and BK late promoter to drive e^ircssion of 
chloramphenicol acctyhransfcrase. Plasmid pBKcat was 
- constructed in a manner analogous to that described for 
plasmid pLPcat. Tims, the -4.51 Jd> Acd-StuI restriction 
fragment of plasmid pSV2cat was Ugatcd to the -108 kb 
AjSpvuH restriction fragment of BK virus such that the 
BK Ute promoter is in the correa orientation to drive 
expression of the CAT gene. A restriction site and function 
map of plasmid pBKcat is presented in HG. 7 of the 
accompanying drawings. 

Plasmid pBLcat is a convenient source of the BK 
eahancer-odenovirus Ute promoter -cassette" of the present 
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Inventtoiu This cassette is an -870 bp BandHI resoictioa 
ftagmcat that can be coiiveaiemly inserted Into a cnkaryotic 
ensession vector to increase esqircssion of a Foduca 
encododby that vector. Tins was done by digesting piasntid 
pSV2cat with testdctioa enzyme HfiidTTT and inserting the 
BK enhancer^adenoviius late pronujtcr cassette. The ^cs^ll^ 
ant pli^gT"'**, designated as pUsmid pSBLcat, contains the 
SV40 origin of replication, SV40 eaiiy promoter, and SV40 
enhancer and therefore differs ton plasmid pBLcat in 
wfaidi those sequences have been deleted. The tandem SV40 
enhancetuBK cnhanccr-adcnovirus major late promoter 
(SBLpromota) cassette can be excised fromplasmidpSBL- 
cat on a PvuE restriction enzyme fcagmcnt, which can be 
conveniently inaexted into any lecomhinant DNA egression 



Hasmid pSBLcst drives ea^reasion of CAT to higher 
levels than does plasmid pBL^ so long as noEIAgene 
product is present This increased expression in the absence 
of EIA. gene product indicates that the two enhancers, one 
from SV40 and the other fran BK, have an additive, 
enhancing effect on tcansoiption from nearby prom oters. To 
assess the sttcngdi and utility of the SBL ptonttotct; the 
chlotan^todcol acetyltcansfctase (CAT) expression vector, 
nSBI/Off, was tranafected vector into a variety of man^ 
TpaHan host ccOs, and thc levd of OCT activity was mear 
sured 48 to 72 hours later as dcsaibod by Gorman, et aL, 
19ZL MoL Cefl. BioL 2:1044-1051. The levd of CAT 
activity obtained &ompSV2-CAr,inwhidi the CAT gene is 
driven by tte strong SV40 eady promotc^.was wed fe 
comparativBpuq>oses,The SBL promoter was 3 to 6 fold 
' stronger than die SV40 early promoter in the following cdl 
lin«rBHK-21, HeLa, MK2, COS-1. 293, ^0 (all avait 
able from the American Type Odtare co^^o?-^^^ 
rVa* et aL, 1984, Cancer Res. 44:681-€87), K816 
(GxinttdlctaL, 1986, MoL Cell. BioL 6:3596-3605), and an 
adeaovirus-transfbrmed Syrian hamster tumor Une, AY12, 
described below. In primary human embryonic Iddncy cells 
and liver cdls, CXT activity was detected after transftrtlon 
with pSBL-OOr, but not with pSV2-CAT. Although efficient 
cxpr^ftomthc MLP couWbe obtatocd eithff fte 
BKCpBI>CAr)orSV40 enhancer OpSI^CAX, a jdaaddti^ 
is andogous to ptosmid pSV^CAT, except that the SV40 
eariy promoter is rq>laced With the adenovirus 2 Mjor late 

6i3596-36Q5X these single enhancer C9«w«nw^«« ^ 
function dEciently in aE cdls. For exariqde, pSV2<:^ WM 

3^^ stronger Lx pSW^X in 293 cdls and 10 fold 
stronger dm pBLOff in HeU cdls. Thus, die use of 
tandem enhancer sequences upstream of a eulcaryotic pro- 
molerresults in a strong and versatile promoter that displ^s 
litde host cdl-dcpendeace, and therefore can be used for the 
effldent o^esrion of genes in a wide varicQr of mammalian 
cdls, J ; 

However; in die presence of BIA gene product, plaanid 
pBLcat drives expression of CAT to Wghcr levds than docs 
iSsmidpSBl^presum^ 

inhibited by the EIA gene product Conversely, in HeLa 

cells, the SV40 enhancer stimulated »Ma^doa &ot 

Sen;>virus2majorlatepromDter(Ad2>flJ0^^^ 

BK enhancer only stimulated transoiption &«?^d^CJ 

ttfSHda alt. Because thebasallevdofB^ 

b HeLa cdU is so low, stimulation of that activity with the 

S^e-early gene product of a large DNAvirus, such as 

EIA protdn, still does not result in optimal expression 

Icvds/This low levd activity of the BK ^^^''J^^f^ 

cdb is thought to be due to a repressor activity present in 

HcLa cdls that interacts witii the BK enhancer: This icprcs- 
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scar acdvxty in HcLa cells can be titrated ont by intxadndng 
more copies of the BK enhancer into to HeLft celL In fto, 
in the HcLa cell line, BIA may increase ihe level of the 
lepfcisflT. Boweves; optiiDal expression levels can be 
obtained in BeLa cells using the tandem SV40 enhancer BK 
enhancer of the invention. This tandem enhanrer thus has 
the advantage of avoiding oell-spedflc negative interactions 
that may be encountered, as in HeLa odls, in some host 
ceQs. Aiestiictian site and function m^ of plasmid pSBLcat 
is presented in ECQ. 8 of die arrompanying dia^wings, and 
the construction of plasmid pSBLcat is described in 
Example 5. 

The B£ enhancer-adenovinis late promoter cassette has 
also been used to io^sove expression of human proton C 
Hiis was done by ligating the cassette into plasmid pL133, 
a plasmid disclosed and rlfftmffd in UJS. piicnt application 
Sex, Na 699^, filed Fd). 8, 1985^ incotporated herehi by 
reference, A lestnctian site and function map of plasmid 
pL133 is presented in EEG. 9 of the accnrnpanyipg drawings, 
Plasmid pT,133, the constniction of ^ch is given in 
Exa2zq>le 6, was digested with restriction caxyxnc VRnon^ 
and then ligated to the *0»87 kb HincTTTT restriction fragment 
of plasmid pBLcat to yid d plasmid plPC A restriction rite 
and fttnction of plasmid pLPC is presented in FIQ« 10 
of the accompanyihg drawings, and tfie construction of 
plasmid pLPC is fiirther described in Example 7. 

Fiasmid pLPQ like plasnrid pL133, coinprises the 
enhancer; eady and late promotcn, T-ahtigen-binding sites, 
and origin of rcplicarion of SV40. Thus, use of plasmid* 
piLPC and derivatives thereof in any recombinant host cells 
is iUostrarive of the randan ftTihflnrrr ea^ression method of 
the invention. Plasmid pLPC served as a useful starting 
mnfrrial for many vectors cf the isvendon, including plas- 
mid pSBL. Plasmid pSBL was constructed by ddetLng the 
protein C-«ncodittg DNA on plasmid pIPC This deletion 
merdy requires ccdsion of plasmid pLPCs single Bdl 
restricriott fragment by digestion with Bdl and self-ligarion. 
The resulting plasmid pSBL serves as a convenient expres- 
rion vectcv for use in tfae tandem enhancer method cf the 
invention, for coding sequences of interest can be readily 
insexted at the sde remaining BcS site. 

The SV40 elements present on plasmid pLFC are situated 
dosdy together and difficult to drlinfiatn. The binding of T 
antigen to the T*anrigen'^indhxg sites, whidi is necessary for 
SV40 r^lication, is known to enhance transcc^tiott ftcm 
the SV40 late promoter and sotpriringly has a similar effect 
on the BK late promoter; Because the hi^ levd of 
T-antigen-driven replicatiott cf a plasmid that con^rises the 
SV40 origin ofrepliration is generally lethd to the host cell, 
neither plasmid pLPC nor plasmid pL133 are stably main* 
tained as episomal (exttachromosonud) elements in ttie 
presence of SV40 T anrigen, but xathc^ the two plasmids 
must integrate into the chromosomal DKA of the host cell to 
be stably matntainH. 

The overall structure of the BR enhancer region is quite 
similar to that of SV40, for the BK enhancer; origm of 
replicarion, early and late promoten, and the BK analogue 
of the T-antigea-fainding sites are all dosdy situated and 
difficult to delineare on the BK viral DNA However, when 
grown in the presence of BK T antigen, a plasmid that 
oompzises the BK origin of replicarion and T-aatigen- 
btnding rites does not replicate to an extent that proves lethal 
and is stably maintained as an episomal element in the host 
cclL In addition, die T-antigen-driven rqplicadon can be used 
to increase the copy numt}er of a vector conqaising the BK 
origin of replicarion so that when sdecrive pressure is 
j^lied more copies of the plasmid integrate into the host 
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cdl's dmsmosomal DNA. AppaieaOy dno to the similar 
strnctnro-fanctioniTtlntfnn^hfps between the BKand SV40 T 
antigras and their respective binding sites, BKrcplication is 
Oso stimulated by SV40 T antigen. Td construct a derivative 
of plasmid pLPC that can exist as a stabty-maintaincd 
dement in a transfcrmed enkaiyotic cell, the entire BK 
genome, as an EcoRI-linearized restdctioa fiagment, was 
inserted into the single EcoRI restriction site of plasmid 
pLPC Hiis insertion produced two plasmids, designated 
pLPC4 and pLFCS, whidi differ only wim respect to the 
orientation of the BK EcoRI fiagmenL A restdctfon site and 
fiuualon map of plasmid pLPC4 is presented in HG. U of 
the acoompanyiag drawings, and the construction cf plas- 
niids pLPC4 and pIKZS is ftzrther described i^ 

Episomal maioteaance of a recombinant DNA e^qnession 
vector is not always prefctred over integration into die host 
cell chromosome However, due to the absence of a select- 
able macker &at functions in eokaiyotic cells, the identill- 
cation of stable, eukaiyotic transfonnants of plasmid pLPC 
is.difEcult, unless plasmid pLfC is cotransfbnned with 
another p l a smid that does con^xise a y^Vrfflfyi^ marWy 
Conseqtttntly, plasmid pLPC has been modified to produce 
dedvadve plasmids that are selectable in eokaryotic host 
cells. 

This was done by Hgating* plasmid pLPC to a portion of 
plasmid pSV2hyg, a plasmid that coi^prises a hygromydn 
resistaace-coafniing gene, A restriction site and ftinction 
m^ of plasmid pSV21^g, wMch can be obtained fiom the 
Northeni Regional Research Laboratory (NRKL), Peoiia, 
BL 61640, under the accession number NRRL B-18039, is 
presented in FIQ. 12 of the accompanying drawings. Plas- 
mid pSY2hyg was digested withrestriction enzyme BamHC, 
and the -2^^ kh BamHC lesttiction fragment, which com- 
prises the entire faygromycin resistance-conforing gene, was 
isolated, treated with Kleaow ea^me (the large fiagmeztt 
produced npou sublilisin dexvage of £1 coU DNApdymer- 
ass I), and then ligated to the Klenow-treated, -5.S2 kb 
Ndd-StuI rcstricdon fiagment of plasmid pIJ<: to yield 
plasmids pLFCbygi and pLPChy^ Plasmids pLPChygl 
and pLFChy^ differ only with rupect to the orientation of 
the bygramycin reslsta ncfrconf ecnng fingment A restzic- 
tlon site and function map of ri*<TTMM pLPCbygl is pre- 
sented in FIQ. 13 of the acconqianying drawings, and the 
constructiott protocol for plasmids pLPChygl and 
pLPChyg2 is desccibed in Bxamplr 9. 

Plasmids pLPOygl and pLPChyg2 can be readily modi- 
fied to contain die BK virus genome. As stated above, 
expression of BK T-andgen in a host cell containing a 
plaamid cos^irising the BKT-antigen binding sites increases 
the copy number of the pi^wnM, |f the plasmid also com- 
prises a selectable mariccr, selection after T-antigen stimu- 
lated r^lication will result in integration of more copies of 
the plaanid into the host's genomic DKA than would occur 
in the absence of T-antigen stimulated replication. Plasmids 
pLPChygl and pLPChyg2 each comprise two EcoRI sites, 
one in the HmR gene and the other in the pBR322-derived 
sequences of the plasmid. Plasmid pLPChygl was partially 
digested widi EcoRI to obtain deavage only at the pBR322- 
derived EcoRI site and thea ligated with EcoRX-digested BK 
Virus DNA to yield plasmids pLPChTl and pLPChT2, 
which differ only with respea to the orientation of the BK 
virus DNA. Plasmids pLPChTl and pLPChT2 arc useful 
derivatives of plasmid pLPChygl (and analogous construc- 
tions can be made using plasmid pIJPChyg2 as stazting 
material instead of pLPChygl) for purposes of integrating 
high numbers of cpjies of a protein C cxpressioa vector into 
the genome of a eukaryotic host celL 
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Human protein C qqpresaion plannidg rfmilarte p]»TT nid3 
pLPCbygl and pLPChygZ eootaining the dJfaydxDfoIate 
reductase (dhft) gene were coostnicted by inserting the dhfr 
geoo-containing, Klenow-ttcated -L9 Id) BamBIrestxictlon 
fragment of plasndd pBW32 into the -5.S2 Kb Ndel-StnZ 
lestxiction fragment of plasmid pLPC The resulting 
pUomids, designated as pLPCdhfrl and pLPCdhfi2, differ 
only widi respect to die odentation of the dhfr gene. The 
construrtion of diese plasmids is drunibcrl in 

Flasmid pIfC3iygl was fkirther modified to introduce a 
dihydrofblate reductase (dhfr) gene. Ihe dhfr gene is a 
selectable marker in dfafr-negative cells and can be used to 
increase the copy number of a DNA s^ment by es^osing 
the host cell to increasing levels of mediottexate. The dhfr 
gene can be obtained from plasmid pBW32, a plasmid 
disclosed and daimcd in VS. patent appUcadon Set Na 
769098, filed Aug. 26, 1985, and incoiporatBd herein by. 
reference. A xestdcdoa site and fimdion map of plasmid 
piBW32 is presented in na 24 of die accoo^anying draw- 
ings. The construction protocol for piagmf ri pBW32 is 
described in Exazz^le 10. 

The dhfr gene*oontaining, -L9 Id) BamHI restriction 
fragment of plasmid pBW32 was isolated, treated with 
Klenow eazymc, and inserted into partiaUy-EcoRI-^ested 
plasmid pUPCSiygl to yield plasmids pLPChdl and 
pLPChd2. Plaamid piLPChygl contains two EooRI restrio- 
don enzyme recognition sites, one in the hygrta^ydn 
resistahco-pottfiening gene and one in the plasmid pBR322- 
derived sequences. The fragment comprising die dhfr gene 
was insexted into the EcoRI site located in the piBR322- 
dcrived sequences of plasmid pLPChygl to yield plasmids 
pLFChdl and pLPQidZ A restriction site and Amction map 
of plasmid pLPChdl is presented in HG. IS of die accom- 
panying drawings. The constrocdoh of plasmids pLPOxdl 
and pLFChd2, which differ only with respect to the orien- 
tadon of the dhfr gene-containing DNA segment, is 
described in Example IL 

Plasmid pLPChdl was modified to fomi plasmid phd, a 
plasmid that contains both the present BK eahancer- 
adenoviius late promoter cassette and also die hygiomycin 
reststanco-confeaing and dhfr genes. To construct plasmid 
phd, plasmid pIPChdl was prepared from dam** £ cell host 
cells, digested with restriction enzyme Bca, and 
ledrcuiarized, dius deleting die human protein C-encoding 
IXNA. Plasmid phd contains a single BcSrestriction enzyme 
recogzdtioa site, which is convenientty posidoned for die 
insertion of any sequence desired to be ej^ressed from the 
BK enhancer-odenovirus late promoter of the present inven- 
don. A restriction site and fdncdon map of plasmid phd Is 
presented in HG. 16 of the acoosapanying drawings, and the 
constructiott protocol for plasmid phd is described in 
Example IZ 

Another expression vector diat ftirther exemplifies die 
present invention and drives expression of human protein C 
is plasmid pLPCElA. Plasmid pLPCElA contains die ElA 
gene of human adenovirus type 2, the gene product of which, 
as described above, increases the activity of the BK 
e nhan cer. Thus, transcr^on from a promoter in tandem 
with the BK enhancer increases in die presence of the ElA 
gene product Plasmid pLPCElA was constructed by ligat- 
ing the ElA gene-containing, -1.8 kb Ball restriction frag- 
ment of human adenovirus-type-2 DNA widi the -5.82 kb 
KdcI-SniZ restricdon fragment of plasmid pLPC A resttio- 
don site and funcdon map of plasmid pLPCBl A is presented 
in FIG. 17 of the accompanying drawings, and the construc- 
tion protocol for plasmid pLPCElAis described in Example 
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^Z^^ aqpnadoB vectors of the preseat iaveotioa 
«nve expression of time pbsminoffea activator m>A\ rt^ 

^^yiddfimmdiaW32d^ which 
aicodes niodificdrav aod contaiM only one Hin draieatf^ 
^^™««^ Hgated with (he 
-^taicb Hin<mi«trictton fi^^ 
^ pl«^ pBIX PUamid pBalS^o^es ^ 
in^ve^ BK eahancet^«^caovitua late promoter cassette 

fimcttoninyofpIasmidpBlJispn»catedinEIG.18offt^ 
accon^yiag drawings, and the con^ction protocol for 
plasmid pBIX is described la Exan5>lc 14. 

SdcctaWemttfcers were introdnced Into BamHI-digested 
Jdasmid ^BIX In one construction, the hygromydn^ 
tooe gen^ntd^ 

of pbsndd pSV2hyg was inserted to yield- niSs 
pBmygl and pBmyg2, and in ano6er construSon, the 
^^i'^^SS?^* ^ BamHIiestriction fcigmrat of 
I««mW pBW32 was Inserted to yidd plasmids pBU^ttfrl 
andpBUdhfiZ Tie four pIasmid$,nBIThyBl dBOW 
^dhfrl. and pBlTdh5^oS^'!;£^^^ 
^ and/or Griematlon of the sdectaMe matte. Aiestriction 
^l^Shi^"* of each of plasmids pBLThygl and 

^ITdhfr 1 is respectively presented in HGS. W and 20 of 
toe «wax^52?« The construction protocol for 

pl^xub pBUliygl, pBmiyg2, pBUdhfrl, and pBlT- 
dha2 is described in Exaitple 15. 

Other e^nessiott vectors of the present invention that 
drive eqiression oflBVormodifiedlPA were derived from 
pUsnnd PTPA1Q3, an intermediate used in the construction 
°i^7^^ PBW3Z The construction protocol for plasmid 
-3?^^.^ toaibed in Example 10, and a restriction site 
and f^rtion map of plasnrid lOPAlOS is presented in nO. 
14 of the aoompanyin^ drawings. To construct these ' 
Tt^^^ * restriction site was introduced imme- 

diatdy befbrc thc^* end of theTOA codingregion of plasmid 
pTEAiOS. Plasmid jrtBUQ3 was digested with restriction 
enzyme Hgal to isolate the -052 lb Hgal restriction frag- 
m«it mat conqnises die 5* end of the TPA coding region. 
AfterKtenow treatment, the Hgal fragment was lig 
Banm linkers, digested with restriction enzyme BamHL 
and inserted into BamHX^gested plasmid pBR322 to form 
gamids PTPA601 and pTTPAfiOl A resteicdon site wd ' 
T^JfJS^ P^^™^ PTPA6Q2, which differs from 
plasmidpflPAdOl only with respect to (he cdentation of the 
insoted BamHIiestriction fragment, is presented in FIG. 21 
of me accompanying drawings. 

Neact, plasmid pnPA602 was digested wim restriction 
enzymes BgECand SaH and the resultant -42 BglH-^aH 
restriction fragment was ligated to me -ZQ5 kb SaH-BgOI 
reliction fragment of plasnid pTPA103 to focm plasmid 
PTPA603. Plasmid pra\fiQ3 thus contains me coMlcte 
coding sequence for TPA bounded by a BamHI restriction 
s^ on bom ends. A restriction site and function mm of 
plasimd PTPA603 is presented hi HQ. 22 of the acconma. 
nying drawings. To constract a plasmid that is analogous to 
plasmid PTPA603 but that encodes a modified form of TPA, 
plamid pTaV6Q3 was digested wim restricdon enzymes 
BglH and SstI, and me resultant -3.02 kb Bgffl^sa frag- 
ment was ligated to me -0.69 kb BgUI-Ssa icstdction 
fragment of plasmid-pBIX The resultant plasmid, desig- 
nated as pAnPA603, was men digested wim restriction 
enzyme BamHI, and the resultant -135 kb frapncnt wai 
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isolated. Tliis fragmmt aad the -L90 kb BamHIzesttiction 
ftagzaent of plasmxd pTFA6Q3 woe individually ligated in 
separate ligations to BcH-digesCed plaamid phd (FK}. 14») to 
fom the respective plasndds phdl^TTPA and phdI7A. 
Rcstzictloa site and function maps of ptaCT^'H* phdj^ and 
phd\rrPA are respectiveiy presented in FIGS. 23 and 24 of 
the a r mm p ftny ing drawings. The consccnctioa of piasnilds 
ph(fI?A and phdMIPA, beginning with the conistmction 
FratooQlfQrpIastDidi3riPA602,i8descxibedln£xaii^ Id 
The present invention oompdses a method for nsfaig the 
BK enhancer in tandem wi& a eukaryotic promoter to drive 
t ranscrfp tion and expression of DNA sequences in eukary- 
odc host cells that esqxress an immediate-eady gene of a 
large DKA.vnns. Skilled artisans will recognize that viitn- 
aUy any enkaryoticpramoter can be nsed in tandem with the 
BK enhancer in the present method. For example, the SV40 
eady and late pramoterSt BK eacSy and late promoccrs, eady 
and late promoters of any of the polyoma vimses or papova- 
vizuseSf hetpes simplex vims fi^midine kinase promoter; 
interferon al promoter, mouse metallothioneui promoCcr; 
promoters of the retroytruses, ^-glofain promoter; pnunotera 
of the adenovirases, sea urchitt H2A promoter; conalbmmn 
promotes; ovalbumin promoter, moose ^globin promoter, 
human p ^cbin prozQotcr, and the Rous sarcoma virus long 
terminal repeat promoter, can all serve as the enkatyotic 
promoter in the method of the present invention. Moreover, 
any sequence containing a transcc^on start site, con^sed 
of a *TAIA'*-like sequence with or without an upstream 
XAAn sequence, can serve as the promoter in the present 
invention. Such promoters can be utilized in the present 
method by conventionally inserting the promoters into 
expression vectors conrprising the BK enhancer as exem- 
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med bada. osisgthe «leBo»inu-2 latepnaaota. whidt h 
^Pr^ enboyotlc laomoter for StSc'S 

^iBof K Vina CATCC VR4137). Howcva; a nSS 
« "L, 1971, The Lancet 1:1253, (see also Gardna 
vtojud the Gwtaer «*Ma 1, thus le&acd to J ^ 

^ Cna 1) & TOflaUe fiom the ATCC nadffZ »^ 

^otoined far ose in conrt«tIng the vectors of the 
taventfoB. u wa. observed that BK variants were present in 
the populatioa of viruses. Others have obs<^l^ 
« «ln 198d, J. y-mOogy 0(3)560. 
NeittettKsmetfuxlofnsingtheBKenhanceriirfcuSan^ 
a edaryotic promoter to drive expression of^^ 

oXtttonedkte^ygeaepiodmofalargeDNA^^ 
pother meAod of the present invention is Itaiitedto^ 
Gardner stahi or a puticolar BK variant, although the 

S^^^.t'^P"?^' variants that cai 

of thepreseatlnveation. Ih «lditi^ 
a BK-UloB virus (simian agent 12) contains enhancer dt 
mewh^^ to the BK enhancer and can be used in 
Oem^ods of thcpreseatinvention.The enhancer elemenS 
of fflmm agent 12 are desaibedin Cnnningham et aL. 1985 
J. ViroL S4:483-t92 «id, for putposes 5el«S; 



inveatioa, are BK enhancer variants." 
XA3LE1 



StnaderignaSan ftahtiwHB wM^ww) 



BK<GS)«idBK(MM) S.nri«ul^ Pater et 1579 X 

ffiflfr iri iin flat hidodo iwnmgft. ^«nl. 32St>-225- 

mafflMdA^Bcatfaminaocoo- Seaf ce iL, 1979, CeU 

Ooi2Qgm;aon0diflbttoees occur 18^fi3-d77* 

intbeeahwca TWng ct aU 1979. 

Nile. Adds Hes. 7:651-^; 

lod Piter et «L, 1979, 

«H«.;«aBKCMG) T3i«ii«nBB,«eaBpo«lof Piter et .L, 1980. 1 

two c omplflmfrnfn y da&ctive mob- VboL 36:48(M«7' 

ntowwlyinnucjeoiids Ptter et iL, 19837 

P«n5aa sSS^JS^^SI?^ ?^ ''^^ "l:42<M3d. 

' Sponteseoiumutetioa during "SStonabo et «L 1982. 

ante Md tnuAumoig TdJuaaiO* et iL, 1984. 

pojenael, pabaptdue to a x ViioL 31:1-6. 
dalBtioa of two of tfae^ttliee 
«BbaBeer npeau lod the pieaosa 
of twoaBteofatogS? bp 

ttflSO 

fl^^J^°tf^ %tanaboat*iUl984. 
BX YBui costiiniag the pm522 
^o ^M o ^cr xegioa lad faaring furttvr 
(inp^eatioaaofaboiti 
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TABLB 1-coxxtinued 



OEclitrM ts wQd-type) Rdbms 



BSV9 ^SabteviBmcf BKvinMiio* OadB «t iL. 198tf, 

bted fen t picpnation o< J. ^loL 60:960-971. 

precatypa (wt) BK vims oonttlas 



Kiid d^pficstkm erf b 
ll» haa iidoof1faa« 

BSrinuJR BX vxnu wiadk laohaed ten t Ptgnaa et tL, 1986, 

bama tmor mntiinim kMdoni 7« VixoL 39:300-503. 
anlmmnsBineotBiatfaei 



Skilled axtisans wiU understand that a vazidy of .eokaiy- 
odc host cells can be ased in the present method, so long as 
the host cell csqiresses an inunediate-carly gene prodnct of 
a large DNA virus. Because the immediate-eatly gene prod- 
uct can be introduced into host cells by many means, .such 
as transfccmation with a plasmid or other vector; virtnaUy 
any enkacyodc cell, can be used in the present method. 
Human ^^^« are prefeoed host cells in the method of the 
present invention, because human cells axe the natural host 
for BK vims and may contain rrHrilnT factors that serve to 
grimniflte the BK enhanco; While human Iddney cells are 
especially preferred as host cells* the adenovirus 
S-transfocmed human emhcyonic Iddney cellliae 293| which 
expresses the ElA gene product; is most ptefcored and is 
available from the ATCC under ihc accession number ATCC 
CRL 15753. 

The 293 ccU line is pref cered not only because 293 cells 
express the £ lA geno product but also because of the ability 
of the 293 cells to ^-carbox^ate and otherwise proporly 
process complex gene products such as protein C 
* Y-Cazbotylation** refers to a reacdon in \^hich a carboxyl 
group is added to a ghitamic add residue at the Y^arbon, and 
a Y-carboxylated protein is a protein in which some amino 
add residues hafve undergone Y^arboxylation. K3dney cells 
normally Y-carboxylate and otherwise process certain 
proteins, but 293 ^ TU are transformed with adenovirus, 
which generally results in a loss of specialized fimctions. 
Consequently, die present invention also con^dses an 
improvement in the method for producing a protein that is 
nahnally gammA caibcxylated, prcpexly folded, and pro- 
cessed wherein said protdn is encoded in a recombinant 
DKA vector such Chat said protein is expres sed when a 
cukaryotic host ccH containing said vector is cultured under 
suitable expression conditions, wherein (he Imjprovement 
conqnises: (a) inserting said vector into an adenovims- 
txansfocmed, human embryonic Iddney cell; and (b) cultmv 
ing said host ceU of step a) under growth conditioiu and in 
m*^^* containing CTffldeut vitamin K for carboxylatioiL Ihe 
293N3S derivative of the 293 cell line is also suitable for use 
in the present Invendon and is able to grow hi suspension 
culture as described in Graham, 19S7, J. Gen. VkoL 68:937. 

This method of producing a Y-carboxylated protdn is not 
]fnif<'^j< to adenovirus-transfooned human embryonic kidney 
cells. Instead, the method of producing a i^cazboxylated 
protein is broadly applicable to all adenovizus-transformed 
host cells. Those skilled in the art also recognize that the 
method can be practiced by first transforming a cukaryotic 
cell with an expression vector for a T-carbcxylated protein 
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ccO line was coustmcied hvi^h^^^A C ^ 
Into Ihe scxmraSSSrf.^S'h ""T^ ^ 
ceHs from fh#rt-™i« 

«aH nam. me resultug tmnoc The avi-j « 

tnarfonned ImmTcS feT^ " adenovinw- 

r««boSd S£ of rccomWnaat 

derived hunmpSc *^*"^"^ 

e^«« ^ ely"^l content of the «aarate not 
ecales as summarized in the following table. 
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K-acstylplietoffiBioD (QtlKAfi) 
N-^ceqrlslucoMmise (ateKA0) 
GalactoK (G*I) 
MBiiiKMa(Ma) 

IT jcotylimiinmTnirT 
addCN6ttAfi)(52aUeae)d) 



This glycosyl content dau ptwflcta that far piasma HPC 
«nH PTTTC dgrfved rHPC the cJigo sa ce fiffrirf r ts are predomi* 
oanfly of N-Hnfced complex tdantennary sttnctnic The 
^ycosyl content for rHPC produced in 293 cells, however, 
predicts that most oJigosacchaiide dutins are predominantly 
oi die N-linked complex Wantennaiy structure 
The N-acetylgalactose residues present in rHPC derived 
from 293 cetts are totally in N-linked oligosacchandc struo 
turcs and not o-linted because they can be totally released 
by N-riycanose digestion. The total removal of siaUc add 
ftxam HPC with neuraminidase lesnltcd in a 50% increase in 
amidolyric activity and a 250-300* increase in anticoagu- 
leot activity, therefore, as the sialic add content of the 
. molecule is lowered, the iusctional activi^ of the molecole 
is increased. 

However, the removal of sialic add and the concomitant 
exposure of the galactose residue on the non-iedudng end of 
oligosaccharides of glycoproteins results in genenU in a 
tremendous increase in the dearancerate of the gjlycoprpteizi 
fay the liver, therefiore asialylated g^yooprotdns are not 
phaanaceuticallypreferred. In rHPC derived £ro]n293 ceQs, 
the lowering , of the sialic add content is matrfied with a 
proportional lowering of the galactosyl conten t Thc ratio of 
^iit/Hn«>'>cj«Hff add is the same in plasma FIPC, rHPC- 
BHK and iHPC-293 and is dose to 1:1 in all three mol- 
ecules. The data demonstrates that there are few or no 
galactosyl residues at the non-tedudng end of the oligosac- 
charides in the rHPC from 293 cells. This lower sialic add 
content in rHPC fcom 293 cells is consistent with die 
interpretatioQ of less brandling in the N-linlced digosaccha- 
ndes. This novd stroeture results in a mdecule with 
increased activity which should not have an increased rate of 
dearance from the blood. As the biosynthesis of oligosac- 
^^ y yf/i^ on glycoproteins is hi part regulated by the "madii- 
nary" of the cells from which the glycoproteins are secreted, 
the methods of the present invention allow for the produc- 
tion of aovd gj^coprotdn mdecdes from a wide variety of 
host cells. In particular; recombinant human protein C 
produced in >WI2 '^"^ also displays novd glycosylation 
patterns. 

The novd BK enhaaccr^culcaryotic promoter construc- 
tions desaibed in Exan^le 17 were constructed using a 
method for improving the activity- of the BK enhancer with 



contains ttie fint nJT-plT^ j "^NA that only 



I""* — '■**''**°°°°*°'=«»»nn3aAX3^^ 



Wrf^thB^SnS^ adenoviral As wed herein, the 'ttm 
unpfflKNA, con^prisei atleast the sequence: 
s'.AcaaramccGCAWMCKRjawo^ 

*ir?SrA?i'=^ T^'S the vector of step a) 
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(c) caltnrizig said cdl of stepb) under conditioiu sottable 

for erpreMlng <flift VA genftprtMltieg andfor ttfmnlariTig 

transUtloa of said mRNA, 
subject to the limitation that said inRNA does not cootaiii the 
entire tx^axtite leader of said adenovirus. 

PJasmids coding for VA have been constcucted from 
adenovirus DNA. Aresttictionficagment of 1723 bp, defined 
by a San site (at nudeotide 9833) and a HindTTI site (at 
nucleotide 11556). was isolatsdfiromadettovirtts-2 DMA and 
doned into Hindlll-Sall-^iigested plasmxd pBR322, thus 
replacing the 622 bp SaU-Hindlll fragment of pBR322, to 
constnia plasmid pY^ A plasmid coding for neomycin 
resistance and VAhas been constructed by isolating a 1826 
bp Nrul fragment firam plasmid pVA and inseiting that 
fragment into Klenow-treated, BamHI-digested plasmid 
pSVNeo (available from BRL). The resultant plasz^ des- 
ignated pS^-Neo, can be used to insert the VA gene into any 
cell line by selection of neomycin (G418) resistance after 
transfocBAtlon. 

Ute VA gene product of adenovirus, however, may exert 
its greatest positive effect on expression of recombinant 
genes containing eidier the first part of the tripartite leader 
of adenovirus, or the entire tripartite leader, in the first few 
days following transformation of the host cell with a 
VA-encbding vectoc^Subsequent escptession of the VA gene 
product in die host cell after the first few days may not give 
optimal expression levels. However; presence of the first 
part cf the tripartite leader on ttie expression vector and 
resulting message will lead to increased expression of the 
product encoded by the loRKA, even in the absence of tfao 
VA gene product. In con^azison to expression vectors and 
mRNA molecules that lade the fixst part of the tzipardte 

The T antigen of SV40, BK virus, or any other polyam&- 
vinis can also be used with the vectors of the present 
invention to increase promoter activity and/or increase copy 
number of the plasmid by stimulating nqpHcaticnt SV40 T 
antigen stimulates transcc^tiott firom both the adenovims 
and BK late promoters. By induding T-antigen-coding 
sequences on die expression vectors of the present invention 
or by cotransfection of (he vectors with a plasmid(s) carry- 
ing T-andgen-coding sequences, amplification of copy num- 
ber can be obtained pdor to, die implication of selective 
pressure as outlined in Exaxnpb 18. lids will allow for high 
copy number imegration of tho expression vector; 

Thus, in the preferred embodiment of tho present 
invendon, the recombinnnt DNA eicpression vector comr 
prises the BK enhancer of the prototype strain positioned 
less dian 300 nucleotides upstream of the adenovirus late 
promocer, which itsdf is positioned to drive expression of a 
gene that encodes at least the first part of the tr^ardte leader 
and a usefid substance; This prefexxed vector is used to 
transform human embryonic Iddney 293 oeQs that have been 
modified, either before or after transformation with the 
expression vector; to express (he VA gene product of an 
adenovirus. For stable tcansfocmants, however, presence of 
the VA gene product may not be desired. 

The present invendon also concerns a melhod of ampli- 
fying genes in primate cells. DNA encoding a direcdy 
sdectable marlcer, the murine dihydrofobte reductase gene 
and a structural polypeptide is introduced into primate ceils. 
Those cells which contain die direcdy sdectable marker are 
then rcisolated and treated with progressivdy inoeasing 
amouots of methotrexate to amplify the genes for dihydro- 
folate reductase and die struc&2ral polypeptide. This method 
allows for a significant increase in the amount of the 
<tnii-^>.^i *v%1\mmKde ffcne thit can be in the cells. 
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Muy gene prodnc&s requics extensive post-ttmslaced 
modification far fkmctional activity. As some cdl lines do 
not dffden t ly modS^ sncfa gene prodncts, it is advantageous 
to express these genes in those ceU lines wfaidi can peotonn 
such modifications. Human protein C is one gene piodact 
which xequices both gamma caxfooxylatioa and the xcmoval 
of a propiece after the translation oT the gene. These post- 
txanslational modifications occur most cffidentty in primate 
cells, yet the genes encoding sudi gene products cannot be 
directly amplified in prfTTMitw r^n^ 

The most common system for gene anqjUficatlon en^lcys 
the murine dihydrofolate xednctase (dhfi:) gene in dhfr 
deficient cell lines. Dihydrofolate rcdnctase xednces folic 
add to tetiahydrofoUc add, which is involved in the syn- 
thesis lof thymidylic add. Methotrexate binds to dihy^ 
folate reductase^ thereby preventing the biosyndiesis of 
thymicfylic add. Dihydrofolate reductase defident cells, 
tbcrefoce, cannot survive In an environment which does not 
•contain thynddylic add, while the presence of jnetfaotrexate 
in the culture w*^^*' requires a concomitant increase in the 
amount of non-bound dihydrofolate zeductase for cell sur- 
vivaL 

MmaU cells, on the otiher hand, whidi are most cffident 
in the post-transiatlonai modification of ceruin 
polypqjtides, also contain a constitutive dhfi: gene. The 
presence of the constitutive dhfi: gene prevents the direct 
selection of transfccnants and ampHfT^at^f^ niy of gcoes using 
methotrexate. The method of the present isvendon allows 
for the direct sdecdon of transfoimants using a sepaiato 
s e le ct a b le matter, such as the hygramydn resistance- 
conferring gcae or the neomycin resistance-conf crzing gene. 
Following this direct selecdon, the genes may then be 
amplified by progressively inaeasing the level of methotr- 
exate in the culture Many cells which demonstrate an 
inceased levd of dhfir gene copy number as wcU as any 
increase in the copy wm«K^ of the structural pdypcptide 
gene. 

The method of gene an^ilification In prfTwnt^ rmtu is in no 
way dependent upon ax^ ^ven means for fixe introduction of 
the DNA into the cells. Those sHIled in the art recognize &at 
DNA may be introduced into cells by etectroporadon, 
microinjection, tnnsfoimation or transfbction. Furthermore, 
the DNA can either be linear or cxrculai:The gene encoding 
a sdedable marker does not need to be an antibiotic 
resistance confezxiag gene. SidEed artisans understand that 
any means for direct selection may be utilized in the present 
invention. For niample, a gene encoding an andgenic deter- 
minant could be introduced into a '''■^l ifai*^ and cells 
containing this determinant could be easily selected using 
immunological mycthods which are well Imown in the art 

The dtr^y selectable msrlrer gene, the dhfir gene and the 
structural polypeptide gene do not need to be introduced into 
the ceil on the same piece of DNA. For example, the direcdy 
selectable marJoer may be transfected into the cell on one 
plasmid, while the dhfir and structural polypepdde genes 
may be transfected into the cell on a separate plasmid. This 
occurs when the hygromydn resistance confrm'ng gene is 
transfected into 293 cells via plasmid pLPGhyg, while the 
dhfr and human protein C genes are transfected into the 
same cells via plasmid pLPCdh& Altemativdy, die dhfir and 
human protein C genes can be introduced into plasmid 
pLFChyg-transfccted 293 cells via plasmid p4-14. Tlie 
neomydn-resistance confesing gene can be used in place of 
the hygromydn resistance-confcxdng gene, in which case- 
plasmid pSV2neo is introduced into the cell line rather than 
plasmid pLPQid. In addidon to co-transf ecdon with differ- 
ent plasmids, the direcdy selectable marker gene, the dhfr 
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gene and the stmctoial polypeptide gene can all be intro- 
duced into the host cell on one plasmid. This is exen^ilified 
by the sansfection of cell line 293 ^vith plasmid plJPOid. 
Ftothamaie, other types of pdmate cdb, soch as the 
monkey bdney ME2 ceU line (XrCC CCL7), may be used 
in the method of the present invention. 

The following P*gTnplgg moie ftally desrrihe the methods, 
conqMunds, and lecombinant organisms of the present 
invention. Those stilled in the art will recognize that the 
paxticnlar reagents, cqoipment; and procedures desc ri b ed in 
the Eun^fles are nuzdy iHostrative and do not limit the 
present invention. 

GXAMFLBl 
Ftcpazation of BK 'Vixns DNA. 

BK virus is obtained £ram the American Type Culture 
Colkj^'pi^ under the accession number ATCC VR-S37. The 
virus is delivered in freeze-diied fom and resnspended in 
Hank's balanced salts (Giboo, 3175 StalcIF Rc»d, Grand 
Tcianri, 14072) to a titer of about 10* plag^c-fo^ning 
units (pfoymL The host of choice ftsr the jrcparationofBK 
virus DNA is {oixnaiy human embryonic Iddney (FBEK) 
f^x\9 ^ which can be'obtained 6om Flow Laboratories, htc^ 
7655 Old Spiinghouse Road, McLean, Va. 22101, under 
catalogue number 0>100 or £rom Bioproducts under 
catalogue number 70-15L 

About five 75 mm^ polystyren e flask s comprising con- 
fluent monolayers of about 10^ PEEK edls are used to 
prepare the virus. About 1 ml of BK virus at a titer of 10^ 
pfu/ml is added to each flask, which is then incubated at 37^ 
C for one hoiii; and'then, fresh cnlmre medium (Du]becco*s 
Modified Eagle's Medium, Gibco, supplemented with 10% 
fetal bovine sczmxi) is added, and the infected ceils are 
incubated at 37** C for 10-14 days or until the foil cyto- 
paihogenic effect of the virus is noted. This ^rtopalhogenic 
effect varies from ceU line to cell line andfrom virus to virus 
but usually consists of cells rounding up, dumpi ng, and 
slougbittg off the culture disk. 

The virus is released firoDX the cells by three fieeze-thaw 
cydes, and the r'^1"^«' debris is removed by crntrift igation 
at 5000xg. The virus in 1 liter of supernatant fluid is 
prec^ntated and collected by the addition of 100 g of 
PEG-6000, incubation of the soluflon for 24hours at 4* C, 
and centrifogation at 5000xg fx 20 minutes. The pellet is 
dissolved in OJx SSC buffer (lxSS0=ai5M NaQ and 
a015M NaOtrate, pH=7) at VlOOth of the original volume. 
The virus suspension is layered onto a 15 ml solution of 
samratedKBrinatube,wbichis centrifugedat75,000xgfQr 
3 hours. TWO bands are evident in the KBr solution after 
centrifogation. The lower band, which co ntains the co mpl r t n 
virion, is cnllft^rtfi^ and desalted on a Sepbadex® G-50 
column (Sigma Chemical Co., P.O. Box 14508, St Louis, 
Mo. 63178) uaingTE (10 mM Tiis-HCl, pHa7.8, and 1 mM 
E0IA) as an elution baffe& 

Sodium dodecyl sulfioe (SDS) is added to the solution of 
purifled virions obtained from the column to a concentration 
of 1%: pronase is added to a concentration of 100 pg^ml, and 
the solution is incubated at 37« C. for 2 hours. Cesium 
chloride is then added to the solution to a density of 1.56 
g/ml, and ethidium bromide is added to the solution to a final 
concentration of 100 MgM- "Hie solution is centrifogcd in a 
SorvaU (DuPout InsL Products, Biomedical Division, 
Newton, Conn. 06470) 865 rotor or similar vertical rotor at 
260»000xg fcr*24 hours. After centrifogation, the band of 
virus DNA is isolated and extracted five times with Isoamyl 
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alcohol satoraied with 100 znM l^HO, pBn7.8. The 
solatlonofBKvixaa DNAlstheadiaiyzBdagainstTE buffer 
ontil the 260 Dm/280 om absaibance zatio of the DNA is 
between L73 and L90. The DNA is precipitated by adjust- 
ing the NaQ concentratloa to 0.15M, adding two votomes of 
ethand, incobatiiig die soliidon st -70" C for at least 2 
houn, and centziftigittg ttie sohidon at 12,000xg for 10 . 
ioinutes.ThexesaltingpenetofBKvirasDNAissitspended • 
laTE buffer at a concentzaticn of 1 ng^mL 

EXAMFLE2 

Constxuction of Ptaszsids pBKEl and pBKE2 

Abcat one pg of die BK vixos DNA prepared in Exanqile 
1 in one pi cf TB buffer was dissolved in 2 pi of lOx Ecoia 
buffer (LOM IHs-Hd pHf*7 J; 0^ Nad; 50 mM MgO^ 
and 1 mg/naBSA) and 15 pi of H3O. About 2 pi (-10 units; 
aU enzyme units xefeored to hoein* unless otherwise 
i^^ ^/^atRH , refer to the unit definitions of New England 
Biolabs, 32 Tozer Road, Bevedy, Mass. 01915-9990, 
although die actual source of the enzymes may have been 
different) of restriction enzyme BcoRI were added to the 
solntioa of DNA< and die resulting reacdon was incubated at 
37" C lor two hours. 

About 1 pg of plasmid pUC8 (available ficoxa Pharmacia 
P-L Biochemicals, 800 Ccntnimial Ave.^ Fiscataway, N J. 
08854) in 1 pi of TB buffer was digested with EooRI in 
subsmtial accordance with die procedure used to prqiaie 
the EcoiRI-digested BK virus DNA. The EcoRI-digestcd 
plasmid pUC8 DNA was diluted to 100 pi in TB buffer, ■ 
-0^ units of calf-intestiBal aOaline phosphatase were 
to die solution, and tiie resulting reacdon was incu- 
bated at 37° C for 30 minutes. The sohidon was adjusted to 
contain Ix SET (5 mMTds-HO, p37.8; 5 mM EOTA; and 
150 ihM NaQ), OJM NaOAc, and 0J% SDS and tiien 
incubated at 65*" C for 45 miimtn. The phosphatase treat- 
ment prevents die pUC8 DNA from self ligad&g. • 

The BcoRI-digestedBK virus and plasmid pUC8 DNA 
were extracted first witti buffered phenol add dien widi 
chloroform. The DNA was collecfttd by adjusting the NaQ 
ooncentradon of eadi DNA s^don to 0:Z5M. adding two 
volumes of edianol, incubadng die resulting mixtures in a 
dry ice-edianol badi for 5 minutes, and centrifuging to peUet 
the DNA. The supcmatanti were discarded, and die DNA 
pellets were rinsed widi 70% cdianoU dried, and resus- 
pended in 10 pi and 30 pi of TB buffer for die-BK and 
plasmid pUC8 sas^iLes, respectively. 

About 3 pi of HaO and 1 pi of lOx ligase buffer (a5M 
Tils-Ha pH=7.8; 100 mM MgOa; 200 mM EflT, 10 mM 
ATP; and 0.5 mg/inl BSA) were added to a mixture of 2 pi 
of the EcoRI-^ested BK virus and 1 pi of die EcoRI- 
digested plasmid pUC8 DNA. One pi (-1000 units) of T4 
DNA ligase were added to die sohidon of DNA, and the 
resulting reaction was incubated at 16* C overnight The 
Ugated DNA constittited the desirBd plasmids pBKEl and 
pBKE2, which diff« only with respect to the orientation of 
the inserted BK virus DNA. A restriction site and ftiaction 
map of plasmid pBKEl is presented in HO. 2 of die 
accompanying* drawings. 

A50 ml culture of R cdi KU JM103, available from 
Phannada P-L Biochemicals, in L-brodi was grown to an 
optical density at 650 nanometers (O.D^ of approxi- 
mately 0.4 absorbance'units. The culture was chilled on ice 
for ten minutes, and die cells were collected by ccntxifiiga- 
tion. The cell pellet was resuspcndcd in 25 ml of cold 100 
mM MgOj and incubated on ice for 25 minutes. The cdls 
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woe once again pelleted by ecntziftigatloii, and the pcUet 
was zesttspcnded in X2 nil of cold 100 mM aO, and 
incubated foe 30 minutes on ice. After die incubation, the 
cdls aiccon^ctentfcrtheuptaJcBoftransfanmngDNA. 

Two hundred pi of this cell suspension were nrfxed with 
the ligated DNAprepared above and incubated on ice for 30 
ndnutes. At flie end of this period, &e cells were placed In 
a water bath at 42** C for '2 minutes and to retomed to the 
ice fcr an additional 10 minutes. The ceDs wm coUected by 
centtifiigation and resuspended in one ml of L broth and 
ittcubated at 37<> C f» 1 bout 

Aliquots of the cell misctnre were plated on L-agar (L 
broth with IS grams of agar per liter) plates containing 100 
»g ampicillinAnl, 40 pg X-gal/ml and 40 pg IFTGtoL Ihc 
SatMwere incubated at 37» C overnight Colonics tii^ 
rontain a plasmid without an insert, such as coff K12 
JM103/pUC8, appear blue on these plates. Colonics that 
contain a plasmid with an insert, such as E. ci>B SU 
JM103/pBKEl, are white. Several white colonies were 
selected and screened by restriction enzyme analysis of their 
plasinid DNAfor the presence of the -5J2 kb EcoRIiestrio- 
tion ftagxncnt of BK virus. PlasmidDNA was obtainedfrom 
the E. coUKn JM1034>BKE1 and £. ccfi K12 JM1Q3/ 
pBKE2 '■^"g in substantial accordance with the procedure 
for isolating plasmid DNA that is described in the foUowing 
Exanmle, although the procedure is done on a smaller scale, 
and the CsCL gradient steps are omitted, when the plasmid 
DNA is isolated only for restriction eaxyioA analysis. 

EKAMFLE3 
Construction of Hasmids pBKneol and pBKneOZ 
E. eoli K12 HBlOl/pdBPV-MNrrneo cdb are obtained in 
hrophil form from the American Type Culture Collection 
idcr the acccsrion number ATCC 37224. The lyophilized 
cells are plated oa L-agar plates containing 100 jig/ml 
^1,^ ^1^1111. and incubated at 3r C to obtain ringle colony 
isolates. 

One liter of L broth (10 g tryptone, 10 g NaO, and 5 g 
yeast extract per Utcr) containhig 50 
koculated wiiST a colony oi E. coQ KH HBlOl^iKlBFV. 
MNTTnco and incubated in an ah-shate at 37« C mitil the 
0 J).«« was -1 absabance unit, at which time 150 mg of 
chlanSphcnicol were added to the cultme. The incubation 
was cortinued for about 16 hours; the ddoranphenicol 
addition j^^^^** protdn synthesis, and thus inhibits tolhff 
cell divirion, but aUows plasmid replication to continue. 

The culture was centrifoged in a Sorvall GSA rotor 
(DuPont Ca. Instrument Products, Biomedical Division, 
Newtown, Conn. 06470) at 6000 ipm f a 5 mmutes « 4» C 
The resulting supernatant was discarded, and the ^ pdlct 
w« wS in^ ml of TES buifcr (10 mM Tii^Ha 
pHp.7.5; 10 mM NaQ; and 1 mM EDTJ^ and tiien repd- 
Ictcd The supernatant was discarded, and the ceU peUet was 
frozen in a dry ice^tiianol balh and then tfiawcd^e thaw^ 
ecu pellet was resuspended in 10 ml of a solution of 25% 
sucrSeand 50 mM EEnD^. About 1 ml of a 5 mgM 
lysozyme solution; 3 ml of a25M EDTEA, pH«8.0; and 100 
id of 10 ma^ml RNAse Awcre added to the sdnuon, which 
was then incubated on ice for 15 minutes. Three ml of lysmg 
solution (prq»ared by mixing 3 ml lO^I^^-X 100; 75 ml 
0.25M rorX pH=8.0; 15 ml of IMTiis-Ha pH=8.0; mL 
7 ml of water) were added to the lysozyme-treated ceUs, 
mixed, and the resulting solution incubated on ice rcr 
anotha 15 minutes. The lyscd cells were frozen in a dry 
Ice-ethanol bath and then thawed. 

The HI"'"T debris was removed from the solution by 
ccntrifiigation at 25,000 rpm for 40 minutes in an SW27 
rotor (Bedcman, 7360 N. Uncoln Ave., Lmcolnwood, HL 
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60646) and bf extraedon with buffered phenoL About 30.44 
g of CsQ and -*1 ml of a 2 mgfxal dfaiditim bromide soiudon 
wexe added to the cell extract, and theot the volmne of the 
SQhiti<a was adjusted to 40 ml withlBS buffer. The soUidoii 
was ^mP^ into a VI150 nltr^-centcxfoge tnbe (Beckman), 
iKMch was then sealed and centd&ged in i Vn50 lotor at 
42«000 ipm for -16 hoars. The resultiag plasmid band, 
visualized with ultrsvidet light, was isolated and then 
placed in alHS tnbe andiotor ^edcmaa) and centnfaged 
at 50,000 zpm fac 16 hours. Any necessary volume adjust- 
xnents were made using TCS containing 0.761 g^ml CsCL 
The phumid band was again isolated, extracted with saltp 
saturated isofffoponol to remove ttie nhidinTn bromide, and 
diluted 1:3 w^ TES bufiia: Two volnmBS of ethanoi were 
then added to the solutioUt which was then incubated over- 
night at -20" C Tiae plasmid DNA was pelleted by oentci- 
f ugEng the soiutiou in an SS34 rotor (SarvaU) for li minutes 
at 10,000 rpon. 

The ^1 mg of plasmid pdBFV-M\frneo DNA obtained by 
this procedure was suspended in 1 ml ofTE buffer and stored 
at -20" C The foregoing plasmid isoladon procedure is 
generally used when large amounts of very pure plasmid 
DNA are desired. The jrocedure can be modified to n^dly 
obtain a less pure amount of DKA, sudi as is needed 

when saeening transfotmants for the presence of a given 
piajemM^ by Using only about 5 ml of cultured cells, fysing 
the r^lj " in an i^p ro p riately scaled-down amount of lysis 
buffer, and replacing the centiifbgation steps with phenol 
and chlorofom extractions. 

About 5 )tg (5 of the plasmid pdBFV-MMTneo DNA 
prepared above and Ave |ig (5 of the BK virus DNA 
ptreparedin Exam^ 1 w« each digested at 37" Cfor 2 
hours in k sokhidon containing 2 pi of lOx BamHI buffer 
(1.5M Nad; 60 mM Tds-Ha pHa7,9; 60 mM Mgdj; and 
1 mg^ilBSA}) 1 pi of restdcdon enzyme BamH( and 7 pi 
of H3O. The reaction was stopped by an extraction with an 
equal volume of phenol, foUowed two extractions with 
chloroform. Bach BamHI-digested DNA was then 
precipitated, collected by cenftifogadon, and resuspended in 
5plof H3O. 

About 1 pi of lOx ligase buffer was added to a xnzxture of 
BamHX-digestcd plasmid pdBFV-MMIneo (1 pi) and 
BamHI-digested BK virus DNA (1 pi). After 1 pi (-1000 
units) of T4 DNA ligase and 6 pi of B3O wcxe added to the 
mixture of DKA, the resulting lesction was incubated at 16" 
C overnight The ligated DNA constimted tt&e desired 
plasmids pBKned and pBKneo2, which differ only with 
respect to the odeatatian of &eBK virus DNA. Aiestziction 
site and fkmcdon map of plasmid pBEneol is presented in 
FIG. 3 of the accompanying drawings- , . • . 

JSL eoff K12HB101 cells are available inlyophilizedform 
from the Nordum Re^onal Researdx Laboratory under the 
accession number NRRL B-15626. E. coil K12 HB 101 cells 
were cultured, made con^etent for transformadon, and 
transfcnned with the lifted DNA prepared above in sub- 
standal accordance wi& the procedure of Example 2. Tlie 
transfcnned cells wen plated on L-agar plates containing 
100 pg^ml nTnpirnHn. E, coil K12 EBlOiypBKneol and £1 
coU K12/pBKneo2 x w^rmtkr^ti. were identified by their 
ampidllin-resistant phenotype and by restriction enzyme 
analysis of their plasmid DNA. 

EXA^tPLE4 
Construcdon of Flasmid pBLcat 
A. Construcdon of Xntermediate Plasmid pLPcat 
The virion DNA of adenovirus 2 (Ad2) is a double- 
stranded linear molecule about 35.94 kb in size. The Ad2 
late promoter can be isolated on an -0J16 kb Acd-PvuH 
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lestdcdon fragmeat of the Ad2 genome; tids *032 Idb 
Iff friction fragment oozxesponds to ttie sequence between 
nucleotide positions 5752 and6Q71 of the Ad2 genome. To 
isobite the desired kb AccE-PvoXI zestxiction fcagment, 
Ad2 DKA.is fint (figested with zestxiction enz^ BaH and 
die -2.4 Id) BaH zestziction fragment that conqdses the 
endze sequence of the -0J2 kb Acd-PvoHzestdctiott frag- 
ment is isolated. Then, the -2.4 kb Bali xestzicdon fragment 
is digested wilh Acd and PvuII to obtain Ihe desized 

About 50 pg of Ad2 DNA. (available from BRL) azc 
dissolved in 80 |il of H3O and 10 pi of lOx Ball buffer (100 
mM l^-HO, pHrX6; 120 iM MgOj; 100 mM DTP, and 

1 mzfnA BSA). About 10 id (-20 uoits) of restriction 
enzyme Bali are added to the solution of Ad2 DNA, and the 
resulting zeactioin is inmbatrrf at 37" C for 4 hours. 

The Ball-digested DKAis loaded onto an agarose gd and 
dectrophoxesed until the zestxiction fragments are wdl sepa- 
rated. Visualization of the dectrophoresed DNA is accom- 
plished by staining the gd in a dilute soluticn (0.5 ^gM) of 
ethidium bromide and ei^sing the stained gd to long-wave 
ultraviolet (UV) lig^it One znethod to isdate DNA from 
agarose is as follows. A smaB sUt is made in the gd in front 
of the desired fragment, and a small piece of NA-45 DHAB 
membrane (Schleicher and SchoelL Keene, NE 03431) is 
placed in. each slit Upon farther eloctrophoresis» the DMA 
non-covalently binds to the DEAE membrane. After the 
desired fragment is bound to the D£A£ memhrane, the 
membrane is removed and rinsed with low-salt boffer (100 
mM Kd; ai inM EDIA; and 20 mM Tcis-HCX pHag). 
Nact» the membrane is placed in a small mbe and immosed 
in high-saU buffer (IM Nad; 0.1 mM EDIA; and 20 mM 
Itis-Hd, pHs8) and dien incubated at 65** C for one hour 
to remove ±c DNA from the DEAE p^)a; After the 65*^ C 
incubation, the incubation buffer is collected and the mem* 
brane rinsed with high-salt bufo. The Mgh-sdtxinse soIup 
don is pooled wi^h the high-salt incubation buffec 

The vdume of the high salt-DNA sdotion is adjusted so 
that the NaQ concentration is 0J15M, and then three vol- 
umes of ccild, absolute eCbanoL are added to the sdution. The 
zesnlthig solution is mixed and placed at -70" C for 10-20, 
minutes. The solutionis tiien centdfuged at 15»G00zpmfar 
15 minutes. After anodxer prectpitation to remove residud 
salt« die DNA pdlet is rinsed widi edxanol, dried, resu»- 
pended in 20 pl of lEbuffcr, and constitutes about3 pg of 
die desired restricdon fragment of Ad2. The purified frag- 
ment obtained is dissdved in 10 pi of TB buffen 

About 6 pi of H3O and 2 pi of lOx Acd buffer (60 mM 
NaQ; 60 mM 'nis-HO, pH»7.5; 60 mM MgC^; 60 mM 
UTT\ and 1 mg/wl BSA) are added to the sdution of the 
-2.4 kb Ball zestxiction fragment of Ad2. After die addition 
of about 2 pi (-10 units) of restricdon enzyme Acd to die 
solution of DNA, die reaction is kcubated at 37* C for 2 
houn. After the Acd digestion, die DNA is collected' by 
ethanoi predpitation and resuspended in 16 pi of E3O and 

2 pi of lOx PvuH buffer (600 mM Nad; 60 mM IVis-HO, 
pH»7.5: 60 mM MgO^; 60 miM DTI; and 1 mg/ml BSA). 
After the addidon of about 2 pi (about 10 uoits) of restriction 
enzyme PyuH to the solution of DNA, the reaction is 
hicubated at 37^ C for 2 hours. 

The Acd-PvuH-digested, -2.4 kb Bali restriction frag- 
ment of Ad2 is loaded onto an -6% polyacrylamide gd and 
dectrophoresed until die -0.32 kb Acd-PvuH restriction 
fragment that comprises the Ad2 late promoccr is separated 
from the odier digestion products. The gd is stained wilh 
ethidium bromide and viewed using UV light, and die 
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segment of gel containing the -032 kb Acd-PvoII restdc- 
tioQ frngment is cot from the ^ crushed, and soaked 
overnight at room, ten^)cran2re in -2S0 pi of extraction 
bafier (500 isM NH4OAC; 10 mM MgOAc; 1 mM EDOA; 
and 0.1% SDS). The following morning, the mixtnie is 
centrifdged, and the pellet is discarded. The DNA in the 
supernatant is prrrfpfrntrd with etfaanol; about 2 pg of tRNA 
are added to ensure coaq>lete precipitation of this desired 
ftagmenL About 0^ pg of the -032 Idb Acd-PvuII restiic* 
tion fragment are obtained and suspended in 7 pi of H3O. 

About Ol25 pg 0 J pO of Bdl linkers (J^CFCx/O'CAO^ 
3*, availafale from New England Biolabs), vMch had been 
Idnased in substantial accordance with the procedure 
desaibed in Example IQA, below, was added to die solution 
of the -032 kb Acd-PvuICrestzif^on fragment, and then, 1 
pi (-1000 units) of T4 DNA ligase and 1 pi of lOx ligase 
buffer \^ere added to the sokition of DNA, and the resulting ^ 
reacdon was incnbatedat 16° C ovemi^ The BcH linkers 
could only Hgate to the PvuII end of the Acdt-PvuZI zestxic- 
tion firagment DNA sequencing later revealed tiiat four BcQ 
linkers attached to the PvuII end of the AccT-PvuH restnc- 
tion fragment These extra Bdl linkers can be removed by 
BcQ digestion and leligation; however, the extra Bdl Hnkcts 
were not removed as the linlcen do not interfere with the 
proper functioning of the vectm that canonise the extra 
linkers, 

£ eoU HB10143SV2cat cells are obtained in lyo- 
phUized form from the ATCC under the accession number 
ATCC 37155* and plasmidpSV2cat DNA was isolated from 
the In substsmdal accordance with the procedure of 
Exanqde 3. A restriction site and fimction map of plasmid 
pSV2cat is presented in FKj. 4 of die accompanying draw- 
ings. About img of plasmid pSV2cat DNA 14 obtained and 
dissolved in 1 ml of TB buffet About 3 pg (3 pQ of the 
plasmidpSV2catDNAwaeaddedtD 2 pi of lOxAcdbuffcr 
and 16 pi of H3O, and then, 3 pi (about 9 units) of restdction 
enzyme AccI were added to the solution of pSV2cat DNA, 
and the lesoltiag reaction was incubated at 37" C for 2 
hours. The Accl-<fige$ted plasmid p5V2cat DNA was then 
digested with restriction enayme Stnl by adding 3 pi of lOx 
StuI buffer (1.0M NaO; 100 mM Ttis-HO, pH<=8.0; 100 
mM MgO,; 60 mM DTIi and 1 mgMl BSA), 5 pi of HjO; 
and afaont 2 pi (about 10 units) of restriction enzyme StuL 
The resulting reaction was incubated at 37* C for 2 hours. 
The reaction was tmninaTftd by e:ctracting the reaction 
mixture once with phenol,' then twice widi chlorofomi. 
About 0l5 pg of the desired firagment was obtained and 
dissdved in 20 pi of TE buffet 

About 4 pi of the Acd-StuI-digested plasmid pSV2cat 
DNA were mixed with about 7 pi of die -032 kb Acdt-PvuII 
(with BcH linkers attached) restdcdon fragment of Ad2, and 
after the addition of 3 pi of lOx ligase buffer, 15 pi of HjO, 
and 2 pi (about 1000 units) of T4> DNA ligase, the ligation 
reacdon was incubated at 16' C ovcnxightThc Jigatcd DNA 
constituted the desired plasmid pLPcat, a plasmid that 
con^sises the Ad2 late promoter positioned so as to drive 
transoipdon, and thus ej^ession, of the cfaloras^enicol 
acetyhransferase gene, Aresttiction site and Auction map of 
plasmid pLPcat is presented in FIG. 5 of the accoiipanying 
drawings. 

The ligaied DNA was used to transfocm £ cod K12 
HBlOl w^iU in substantial accordanoe with the procedure of 
Exan^e 3, The transformed ceils were plated on L agar 
containing 50 pg/hil axz^idllin; restzicdon enzyme analysis, 
of plasmid DNA was used to idendfy the K coU K12 
HBlOl^LPcat transformants. Plasmid pLPcat DNA was 
isolated from the transformants for use in subsequent con- 
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structiQiu ia substantial accordance with the plasnnd isola- 
tioa pro c ed n re described in T^Tai-wj^u 3, 
B. Hnal Construction of Flasmfd pBLcat 

About 88 }igof plasmidpBKjieolDKAinSOMiofTB- 
buffcr wecc added to 7^ pi of IQx Acd boffer, 30 pi of H^O, 
and 15 pi (about 75 units) of xestdction enzyme Acd, and 
the resulting reaction was incnbated at 37* C for 2 hours. 
'Die Acd-digested BK virus DNA was loaded on an agarose 
geU and the -1.4 Jd) fragment that contains the BK enhancs 
was separated from the other digestion products. The rlA 
Id) Acd restrictiott fragment was ihea isolated in substantial 
accordance with the procedure described in Example 4A. 
About 5 pg of the fragment wereiesuspended in 5 pi of lOx 
Pvuir buffer. 45 pi of H^O, and 5 pi (about 25 units) of 
restxicdott enzyme PvuE. and the resulting reaction was 
incubated at 37^ C for 2 honrs. The PvuH-digested DNA 
was flien isolated and pr^ared for ligation in substantial 
accordance with the procedure of Example 4A. About 2 pg 
of the desired -1.28 kfo Acqd-PvuII fragment were obtained 
and dissolved in 5 pi of TE buffec 

About 1 pg of plasmid pLPcat DNA ^ dissolved in 5 pi 
of 1 Ox Acd buffer and 40 pi of H3O. About 5 pi (-25 units) 
of restriction enzyme Acd were added to the solution of 
plasmid pLPcatDKAt ud the resulting reaction was incu- 
bated at 37*> C The Acd-digested plasmid pUPcat DNA was 
precipitated with ethanoi andiesuspended in 5 pi of lOx StuI 
buffer* 40 pi of H,0| and 5 pi (about 25 units) of rcstrfctiou 
enzyme StuL and die resulting reacdon was incubated at 37** 
C for 2 houis.The Acd-StuI-dlgestedplasmidplPcat DNA 
was preci pi tated with edianol scvoal times to purify the 
-4.81 Icb Acd-^Std restriction fragment that compises the 
£ coU origin of replication and Ad2 late promoter away 
from the other digestion product, a restriction £fagmcnt 
* about 16 bp in size. About 1 pg of the desired -4.81 Us 
lestrictioa fragment was obtained and dissolved in 20 pi of 
buffet: 

The 5 pi of '-4.81 kb Acd-StuI restriction fra gment of 
plasmid pLPcat were added to 5 pi of -1.28 Icb Acd-PvuH 
restriction fragment of BK vinis. Aiter the addition of 3 pi 
of lOx ligase buffer, 15 pi of HjO, and 2 pi (about 1000 
units) of T4 DNAligase to due mixture of DNA, the resulting 
ligadon reacrion was incubated at 16° C. ovexnight The 
ligated DNA consdtuted the desired piasmid pBLcaL A 
restxiction site and fiucrion map of plasmid pBLcat is 
presented in FIC 6 of the accompanying drawings. 

The ligated DNA was used to transfonzt K coU K12 
HBlOl cells in substantial accordance with the procednre 
desoibed in Erample 3. K coU K12 HBlOl/pBLcat ixans- 
fotmants were identified by restriction enzyme analysis of 
their plasmid DNA. Plasmid pBlxat DNA was prepared for 
use in subsequent construcdons in substantial accordance 
with the procedure of Example 3, 

EXAMPLE 5 

Constnicdon of Plasmid pSBLcat 

About 100 pg of plasmid pBLcat DNA were dissolved in 
10 pi of lOx Hiiidin buffer (0 Nad; O.IM Tkis-HO, 
pH=8.0; O.IM Mg(3a; and 1 mgM BSA) and 80 pi of HjO. 
About 10 pi (about 100 units) of restriction enzyme THnHTT^ 
were added to die solution of plasmid pBLcat DNA, and die 
resulting reaction was incubated at 37"* C for 2 hours. The 
HindlTT-digested plasmid pBLcat DNA was loaded onto an 
agarose gd and electrophoresed until the -0.87 kb TBurfnT; 
resoictioa fragment that comprises die BK enhancer and 
Ad2 late promoter was well separated from the other diges- 
tion products; dxen, the -0.87 kb fragment was isolated and 
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^Zsdan of Ejcampte 4A. About 10 jig of "^"^ 

About 1 ug of pl«i«niUpSV2cat DNAlB 1 J^.^^B 

Aboul 1 ul (about 10 unto) of restriction aaywc fflndm 
^ addedto the solution of DNA, andthcxeaultingreactioa 
WM incnbated at 37- C far2 hom. T^^^^^^^f 
stotmed by extracting the reactlott BitainB to wdto 

^dtaofona. The HindllMigerted plaarid 
oSV2cai DNA wa» Biedpitated with ethanol and resas- 

5sV2catDNA'Jmtieatedwlthcalf.lntestinalaDBilto 
gatase in jntetandal aeccriance with the pn«^ of 
Bcaaple 2 and then xejuspended in lOlil of TE bnffff. 

• AboutS pi of the -0.87 » HJndmiMtt^n fta^«f 
plasinidtfflLcat were addcdto the 10 Jd of mndm^dlgea^ 

SS3d5sV2cat, tod then. 3 pi of lOx Oguc i^a, 2 pi 
(about 1000 units) o<T4 DNAHgase, and 13 pipf were 
ffitothesotaimofDNA.andthere«Wngie«tioa^^^ 
L^bated at 16« Cfor2 houra-Tle ligated DNA constituted 
the desired plaamd pSBLeatTho ligated UNA was used to 
transfotm£MUK12HB101insnbstanrialacoardan« 

the irocednre of Exan^le 3. "?»«»fi«^ 
nlated on L agar containing arepicinm. and the plflstmd 

DNA of the ao?idBla-re»i»tant ^^^I'Z^U 
toed by restiictioB enzyme analysis ^ idat.^ SflnS 
K12 miOi;i)SBLcat transftananls. Tho -^.87 Buidm 
^JStoian fi^mt that encodes the BKctJm<« ^ 
J^^^JoToSd insot into ffindHI-digerted pbsimd 
pSBLcattooneof two orientations, only one ofwhichyiclds 
rfMnid pSBLcat A restriction site and flinction map of 
plasmidiCTLcatispresentcdinTKJ. 8 ofthe accompanymg 
drawings.. 

EXAMPLES 
Constxnetlon of Plasndd pL133 
A. Constracdon of Intermediate Plasmid pSV2-HPC8 
Flasmid pHO comprises a DNA sequence that aicodeJ 
human pre^ C One Hter^L-brodi «nt^ U p^ 

tetracydLie was inoculated with a cullims 
^Ha(NBKLB.15ma«dpl.snddpHCTDNAwas. 

i«rta2ed and pmiflcd in substantfal f f»««^» !1* 
S^ofS^3.Aboutl»gofpUsnddpHaDNA. 

^obtained by this procedure. s^'>^.^ ^^tzJz 
b,SU and stored at -20«CAr«tdc^«te^^ 
B^rf plasmid pHCT is presented In Ha 9 of the accom- 

Hfty ul of the plasmid pHC7 DNAwere roix.cdvdtii5 pi 
(-^n£) of r^cdonVnryme ^M^<^^^ 
SoS^iffer (L5M NaCU « mM TW^HO, ^^^'^ 
^MgO,; and 1 mgW BSA). and 33 pi ofH,0 and 
SfflbatS^ the^estioa was eon^lete. Tic Baal- 
SSSpSdpHCT DNAwas then el«*ophccesed on a 
g^ya^Jide gel p9:l, actylamide:bisaaylamide). 
S*e ib Baitratriction ftagment was separated 
from the other digestion products. 

The region of the gd conuining the -U3 J* 
teStirn tagmcnt wi cut ftom the gel. Pl««l^^ 
m£!«dbrotaintosman&ngmM«.Onemlo^ 

biS^ (500 mM NH^OAc 10 nM MgOAc, 1 '^J^tl 
1% SDS, «id 10 ^ tRNA) was •1de«i to toe mte 
contd^g the fngments. and the tnbe w« P^^^ ^ 
OT^bt CenttiftgaSon was used to pellet the ddffls, and 
S^^WrtValtmsfored to a new tube. Tie debits 



was washed once 200 ji of «Ba^n *f,^ 
^^^^ was condrined with fte am supc^^ 

K^ght octracdon. After pwsmg ^^^^^ 

feagnuat were <^^^.^^SSx aad Jcred at 

,£^adition of a linker to constcutf ptafflW Pj^™- 
Se r^togmeets used in the cons«|^ fJ^L^ 

Acad. ScLUS^t 755763- ^ j«#ti,^UnWr 

^^d to toSbSn 100- C for 10 
leactioB was tenninated 'V^^r"^^^^ ^ wactioa 

was dnlled on tot, 2 |tt a "todvnncleodde Idnase were 
ATP. and ll,™t£^^SKrM^«he reaction 
addedw the reaction naxnm """^^T^r .t 37* C The 

jaoibaiedat 100 C. PM iu™. jncnbation, the water 

bath was. shitt oir and f^Jr^- ^ j^n con- 

a i«ooess taldng was^ tocubated at 4« 

S;2^S;SSd*e following strucnue: 



y-AACTAcrrccACOJ 



"^"^u^ rf^ Hf^S^ttere «ided to and 
larxedwiththe-rSUlu inxlizase buffer, and 29 

DNA ligaae (-500 ^^n Sn was incubated 

pi of HaO. and ^^^as stopped by a 10 

then ceatrifiiging ihe *«*«^"- . . hi 10 id of lOx Apal 
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pellet was dissolved in 10 )il of lOx BindHI reaction buffo; 
5 )il (-50 Bsits) of lestdcdoa enzyme and 82 pi of 

HjO, and the leactioa was placed at 37"* C for cwo hours. 
After the HlndZII digestion, the reaction mix&ire was loaded . 
onco a polyactylaznide gel, and the desired -L23 kb 
^dm-Apalrestziction fragment was isolated in substantial 
nccoxdance with the procedure descdbed In Example 4A. 
Approximately 5 (ig of the desired fta^nent wete obtained, 
suspended in 10 )il of TB buffo; and stared at -20^ C 

Hfiy |ii of plasiDidpHC7 DNA were mixed with 5 ^1 (-50 
units) of restriction aszymc PstE, 10 ^1 of lOx FstI reaction 
buffer (1.QM NaCb XOO mM TYls-HO, pB=7 J; 100 mM 
MgO,; and 1 mgtelBSA), and 35 pi of H^O and incubated 
at 3r* C for two hours. Hie Pst£-digested plasmid pHC7 
DNA was then electrophoresed on a 2^% polyaccylaxnide 
gel, and the desired 'M),88 leb fragment was podfred in 
substantial accvdance with the procedure desaibed above. 
Approxxmateiy 5 |ig of the desired fragment were obtained, 
suspended in 10 ]4 of TE buffo; and stored at -20" C 

The -5 pg of -ass ]d> P$a fragment were added to and 
mixed with -50 fd of the following linker, which was 
constructed on an automated DNA syndiesizen 

r-oroAXCAApj* 
llllllll 
3*-AccncAcrAcrrc£AO-y 

About 1 of T4 DNA ligase (-10 units), 10 pi lOx ligase 
bofo, and 29 pi BjO woe added to the mixture of DNA, 
and the. resulting ligation reacdon was incubated at 4" C 
overnight 

The ligation reaction was stopped by a 10 minote inca- 
badon at d5" C After prec^iitadon of the ligated DNA, the 
DNA pellet was dissolved in 10 pi of lOx Apal reaction 
buffer; 5 (d (-50 units) of restiicdon enzyme A|»L and 85 fd 
of H3O, and the reaction was placed at ST* for two hours. 
The leactiott was then stepped and the DNA peUeted once 
again. The DNA pellet ivas dissolved in 10 fd lOx Bglll 
reaction buffer (IM NaQ; 100 mM Tds-Ha pE&»7,4; 100 
mM MgO^; 100 mM 2-mexcaptoethanol; and 1 rag/wX 
BSA), 5 |d (-50 units) of restdcdon enzyme BgUL and 85 
fil H2O, and the reaction was placed at 37** C for two hours. 
After the BgECt digestion,- the reaction mixture was loaded 
onto a 3^% potyacxylamide gel, and the desired -0.19 kb 
^)aI*Bgin restriction fragment was isolated hi substantial 
accordance with the procedure described above. Approxi- 
mately 1 )ig of the desired fragment was obtained, suspended 
in 10 pi of TE bufiia; and stored at -20** C 

Approximately 10 pig of plasmid pSV2gpt DNA (ATCC 
37145) were dissolved hi 10 ^1 of lOx HhidTTT reaction 
bufi^, 5 Ml (-50 units) of restticdon enzyme HindllT, and 85 
pi of E3O, and the reacdon was placed at 37"* C for 2 hours. 
The reaction mixture was then made 0.25M in NaOAc, and 
.after the addition of two volumes of ethanoi and incubation 
in a dry ice-ethanol bath, the DNA was pelleted by centiifh- 
gadon. The DNApeEet was dissolved k 10 )d of lOx Bgin 
buffer, 5 (d (-50 units) of restricdon enzTme BgUL and 85 
111 of H3O, and the reaction was placed at 37^ C for two 
hours. After the BglH digestion, the reacdon mixture was 
loaded onto a 1% agarose geU and the fragments were 
separated by el ec tr op horesis. The gd was stained with 
ediidium bromide and viewed under ultraviolet light, and the 
band containittg the desired -5.1 kb Hindni-Bgin fragment 
was cut from the gel and placed in dialysis tubing, and 
electrophGresis was continued until the DNA was out of the 
agarose. The buffer containing the DNA from the dialysis 
tubing was extracted with phenol and CHOg, and then, the 
DNA was precipitated. The pellet was resuspended in 10 ^ 



31 

of IB baffer and oonstimted •*5 (tg of the desired "5.1 kb 
' Hiadm-BglS icstdctioii fragment of plasmid pSV2gpt 

Two pi of the Icb HlndI]I-/^Ixestxiction fragment; 
3 pi of the -0.19 Apal-Bg^ fragment, and 2 pi of the 
-5.1 kb HIndni-Bglll fragment were mixed together and 
then incubated with 10 pi of lOx Ugasc buffo; 1 pi of T4 
DNA Hgase (-500 units), and 82 pi of EjO at 16^ C 
overnight. Tbe ligated DNA constituted the desired plasmid 
pSV2-HFC8; a restriction site and fixnctiott map of the 
plaamid is presented in F3n. 9 of the accon^aying draw- 
ings. 

£ eoU K12 RRl (NKRL B-15210) cdls were made 
coiz^)etent for transformation in substandal accordance with 
the procedure described in Exan^Ie 2. Hie ligated DKA 
prepared above was used to ttansfoim the cells, and aliquots 
of the transformation mix woe plated on L-agar plates 
containing 100 pgAnl ampidllin. Hie plates were then 
infflibatH at 37* C. £ eoU K12 RR1^SV2-HPC8 transfor- 
manti were verified by rtsiriction enzyme analysis of their 
plasmid DNA. 

B. Final Construction of Plasmid pL133 

Fifty pg of plasmid pSV2rHPC8 were (fissdved in 10 pi 
of lOx Hindniicaction buffo, 5 pi (-30 units) of restriction 
enzyme Hindd, and 85 p^ of Bs^t and the reaction was 
incubated at 37' C for two hours- After the HindTTT 
digestion, the DNA was precqpitatcd, and the DNA pellet 
was dissolved in 10 pi lOx Sallreaction buffo (L5M Nad; 
60 mM THs-HCl.'pH»7.9; 60 mM Mgti^; 60 mM 
2-mocaptoethanQl; and 1 mg/!ml BSA), 5 pi (-50 units) of 
restriction enzyme Sail, and 85 plof EsO.IheresultingSalZ 
reaction mixture was incubated for 2 hours at 37* C The 
HindXn-^all-digested plasmid pSV2nHPC8 was loaded onto 
a 3J% polyacr^amide gel and electxophoresed until the 
desired -0^ kb Hindm-Sall restriction fragmentwas sepa- 
rated from the other reaction products. The desired fragment 
was isolated from the gel; about 2 pg of the fragment were 
obtained and suspended in 10 pi of TE buffet: 

Hfty pg of plasmid pSVl-HPCS were dissolved in 10 pi 
of lOx BgUr reaction buffer; 5 pi (50 units) of restriction 
enzyme Bg!II» and 85 pi of HjO, and the reaction was 
incubated at 37* C fo two houn. Afto the BglH digestion, 
the DNA was precipitated, andthe DNApcUet was dissolved 
in 10 pi of lOx SaH reaction buffer, 5 pi (-50 units) of 
restzictLon em^yme Sail and 85 pi of H3O. The resulting Sail 
reaction mixture was incubated for 2 hours at 37* C The 
Sall-Bglll-digested plasmid pSV2-HPC8 was loaded onto a 
3.5% polyacrylamide gd and electrophorBscd until the 
desired -1.15 kb Sall-Bglll restriction fragment was sepa- 
rated from the other reaction products. The -1.15 kb SaH- 
Bgm restriction fragment was isolated from die jgeU about 8 
pg of fragment woe obtained and suspcndedin 10 pi of TE 
buffer 

Approximately 10 pg of plasmid pSV2-P-gl6bin DNA 
(P^RRL B-15928) were dissolved in 10 pi of lOx HindDDt 
reaction buffo, 5 pi (-50 units) of restriction enzyme 
pfarfTTT. and 85 pi of HjO, and thereaction was placed at 37* 
C f or 2 hours. The reaction mixture was then made 0.25M 
in NaOAc and afto the addition of two volumes of ctiiand 
and incubation in a dry ice-cthanol bath, the DNA was 
pelleted by centrxftigatioh. The ffindm-digestcd plasmid 
pSV2-^globin was dissolved in 10 pi of lOx Bgin buffo, 
5 pi (-50 units) of restriction enzyme BglU, and 85 pi of 
HaO, and the reaction was placed at 37* C fa two hours. 
Afto the Bgni digestion, the reaction mixmrc was loaded 
onto a 1% agarose gcL and the fragments were separated by 
electrophoresis. The desired -^2 kb Hindm-BgEa restrio- 
tion fragment was isolated from the gel; about 5 pg of the 
desired fragment were obtained and suspended in 10 pi of 
TE buffo. 
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Two ^1 of the -0^9 Idb HindlH-Sall fragmeac of plasmid 
PSV2.HPC3, 2 pi of the -L15 to Sall-Bglir ftagmcnt of 
pUszaidp5V2-HPC8» and 2 ^ of the -42 to Hndm-BgOZ 
fiagxaeat of plasznid pSV2-P-globiii were mixed togeiha 
and iigated in sabstantial accordance with the procedise of 
Exanqile 6A. The Hgated DNA constituted the desired 
plassBod pL133; a zestdcdoa site and ftancdon map of 
plasndd pL133 is presented in FIG. 9 of the accoxxqianying 
drawings. The desired K eoU K12 RR14>L133 transfer* 
mants were constructed in substantial accordance with the 
»«»^tig of ExaxD|ile 6A« with the exception that plasmid 
pL133» rather than plasmid pSV2-HPCa, was used as the 
transfcrming DNA. 

EXAMPLE? 
Constmcdon of Plasmid pLFC 

About 20 )ig of plasmid pBLcat DNA were dissolved in 
10 pi of IQx buffer and 80 of H2O. About 10 pi 

(-100 units) of restriction enzyme THnHrrr were added to the 
solution of plasmid piBXLcat DNA, and the resulting reaction 
was incubated at 37^ C fbr 2 hours. The BindnX^digested 
plasmid pBLcat DNA was loaded onto an agarose gel and 
electrophcresed until the -0.S7 to HfndTTT restriction frag- 
ment that con^dses the BK enhancer and Ad2 late promoter 
was sqjarated firam the other digestion products; then, the 
-0.S7 to fra gment was Isolated and prqpared for ligation In 
substuitial accordance with the procedure of Example 4A. 
About 2 |ig of the desired £cagment were obtained and 
dissolved in 5 )il of TE buffer. 

About 1^ pg of plasmid pL133 DNA was dissolved in 2 
pi of lOx Hindm buffer aad 16 pi of H3O. About 1 pi (-10 
units) of restriction enzyme Wtn/mr was added to the 
solution of DNA, and die resulting reaction was incubated at 
37" C for 2 hours. The DNA was then diluted to 100 pi with 
TH buffer and treated with calf-intestinal aScaline phos- 
phatase in substantial accordance with the procedure in 
Exsaaplct Z The EindXH-dlgested plasmid 1^133 DNA was 
extracted twice with phenol and once with chlocofoimu 
precipitated with edianol, and resuspended in 10 pi of TE 
buffer. 

About 2 pi of the -0.S7 to HindSIrestriction fcagment of 
plasmid pBLcat were added to the 1.5 pi of HindlE-digested 
plasmid pL133, and dien» 1 pi of lOx ligase buffer, 1 pi 
(-1000 units) of T4 DNA Hgase. and 1 J pi of HaO wa e 
added to the solution of DNA, and the resulting reaction was 
incubated at 16^ C ovoni^ The Iigated DNA constimted 
the desired pksnid pIJ*C A restdcdon site and fUncdon 
map of plasmid pLPC is presented in HG. XO of the 
accompanying drawings. 

The Hgated DNA was used to transform E, coli K12 
HBlOl in snbstandal accordance with the procedure of 
ExasQple 3. Ihe transformed cells were plated on L agar 
containing ampidllinf and the plasmid DNA of the 
ampidllin-resistant transformants was examined by restric- 
tion enzyme analysis to identify the £L coU K12 HBlOl/ 
pLPC transformants. The -0.S7 to Hindm restriction firag- 
ment that encrKtes the BK enhaucer and Ad2 late promoter 
could insot into ffindlEI-digested plasmid pL133 in one of 
two odentatiotts, only one of which yields plasmid pLPC 

EXAMPLES 

Construcdon of Plasmids pLPC4 and pLPO 

About 1 pg (1 pi) of the BK virus DNA prepared in 
Example 1 and 1 pg of plasmid pLPC (1 pi) were dissolved 
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io 2 )il of lOx EcdBl buffer and 14 |il of H3O. About 2 jil 
(-10 units) of xatxicdon caiyme EcoRZ were added to the 
solution of DNA, and the zesolling reaction was incubated at 
37* C for 2 hours, the EooRI-digested mixaire of BK ykas 
and plasznid pLFC DMA waa cctracted once with buffered 
phenol and once with chlcrofonn. Tlien, &e DNA was 
collected by adjusting the NaQ concentration to 0.25M, 
adding two volnines of ettumoly Incubating Uie solution in a 
dry ice-ethanol bath for 2 nrimitfti, and centdfnging &e 
solution to pellet the DNA. The supernatant was discarded, 
and the BNApellet was rinsed with 70% etfaanol, dded, and 
resuspendedin 12 pi of TB buffer 

About 13 pi of EjO anda pi of lOx Hgase t«ffer were 
added to the EcoiRX-digBSted Tnixtnre of BK virus and 
plasimdpLPCDNA.TWo pieiOOO units) ofT4 DNAligasc 
were added tp the sdudon of DKA, and the resulting 
reaction was incubated at 16* C for 2 honn. The ligated 
DNA constituted the desiied piMm'rfa pLPCi and pLPCS, 
which differ only with respect to the odentation of the 
inserted BK virus DNA. A nstdction site and fhncdou map 
of plasmidpUPC^ is presented in HG. U of the acconpa- 
nying drawings. 

The ligated DNA oonstxtnted the desired pla.snn'di pLPC4 
andpLFCS and was nsedto tcansfcsm£. coB K12 HBlOl 
conspetent ceUs in substantial accordance with thepiocednre 
of Example 3. The transformed bdls were plated on L agar 
containing 100 fsg^ml ampioTlin. The £ eoU K12 HBlOl/ 
pLPC4 and E, coU K12 HB101/pLFC5 transfoanants were 
identified by their ampicxilin'nsistant pheuotype and by 
restriction enzyme analysis of their plasmid DNA. 

EXAMFL£9 

Gons&nction of Flasmids pLPChygl and 
pLPChygZ 

K coU K12 RIll4)SV2hyg cells are obtained ficom the 
Northern Regional Research Laboratory under the accession 
number NRRL B-18039. Flasmid pSV2hyg DNA is 
obtained fiom the cells in substantial accordance with the 
procedure of Fxampln 3. Arestriction site and Aincdon map 
of pIasmidpSV2hyg is presented in FIG. 12 of the accam- 
panying drawings. 

About 10 pg OEn 10 pi of.TE buffer) of plasmid pSV2hyg 
were added to 2 pi of lOx BamBDC buffer and 6 pi of H3O. 
About 2 pi (about 20 units) of restriction enzyme BamHI 
were added to the scdutlon of DNA, and the resulting 
reaction was incubated at C for 2 hours. The reaction 
was extracted first with phenol and then was extracted twice 
with chlorofonn. The BamHI-digested plasmid pSV2fayg 
DNA was loaded onto an agarose gel, and tbe hygromydn 
resistance gene-containing, -2J kb restriction firagment was 
Isolated in substantial accordance with the procedure 
described in Example 4A. 

About i pi of lOx Klenow buffer (0.2 mM in each of the 
four dNTPs; a5MTiis-Ha, pH,«7.8; 50 mM Mgda; aiM 
Z-rocrc^toettianol; and 100 pgAsl BSA) and 35 pi of H3O 
were added to the solution of BamHI-digested plasmid 
pSV2hyg DNA, and then, about 25 units of Klenow enzyme 
(about 5 pi, as marksted BRL) were added to the miznire 
of DNA, and the resulting reacdon was incubated at 1(5" C 
for 30 minutes. Tlie Klenow-treated, BamHI-digested plas- 
mid pSV2hyg DNA was extracted once with phenol and 
once with ehi oiofum and then precyttafwl with ethanoL 
About 2 pg of the desired fiagment were obtained and 
suspended in 5 pi of IE buffec 

About 10 pg (10 pO of plasmid pLPC DNA were added 
to 2 pi of lOx SmI buffer and 6 pi of H3O. About 2 pi (- 10 
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onits) of zestdctioa eazyme Stnl were added to (he lolntion 
of DNA, aad tfae zestilting reaction waa incnbated at 37* C 
for 2 boun. The Sm^gested plasmid pLPC DNA was 
ptc dpifnt i rd with ethanol, coLlecfcd by centrffagation, aad 
resmpendedin 2 )d of lOxNdel buffer (L5M NaO; O.IM 
Tris-HCl, pH=7.8; 70 mM MgCla; 60 mM 
Z-mocaptoethaaol; aad 1 mgM BSA) and 16 fil of HjO. 
Aboot 2 fil (-10 units) of lestdctioa eni^me Kdel were 
added to the soludon of Stol-digcsted DNA, and the resalir 
ing zeactioa was incubated at J7** C for 2 houn. 

Hifi Ndel-Stnl-digested plasmid pLPC DNA was ptedpi- 
tated with ethanol, collected fay centrxfbgation, and resus^ 
pended in 5 )d of lOx Elenow buffer and 40 }il of H^O. 
About 5 pi (-25 units} of Klenow enzyme were added to the 
solution of DKA* and the resulting reaction was incnbated at 
16" C for 30 Tni'Tintn After the Klenow reaction, the 
reaction mixture was loaded onto an agarose geU and the 
-5.82 Id) Ndd-StuX lestiictioa ftagment was isolated &om 
the gcL About 5 }ig of the desired &agment were obtained 
and suspended in 5 pi of IS buffet: 

About 2 pT of ttiQ -2.5 kb Klenow-treated BaznEI restric- 
tion fragment of plaimid pSV2hyg were mixed with about 
I pi of the -5.82 kb Klenow-treated KddnStnl lestdction 
fiagment of plasmld pLPC, and about 3 pi of lOx ligase 
buffet; 2 pi of T4 DKAIigase (-1000 units), 1 pi of T4 RNA 
ligase (-1 unit), and 14- (il of H3O were added to &e solution 
of DNA. The rBsnMttg reaction was incnbated at 16' C 
ovemigbt. The ligatcd DNA oonstitated the desired plasmids 
pLFChygl andpLPOy^ whidi difo only with respect to 
the Gcientation of the -2.5 Id) Klenow-treated, BamHT 
restxicdon fragment of plasmid pSV2hyg. A restdction site 
and fimction map of plasmid pLFChygl Is presented in FIG. 
13 of the accanq)anying drawings. The ligated DMA was 
used to transform E. coU S12 HBlOl in substantial accor- 
dance with the procedure of Exas^le 3. The desired E. coU 
K12 EBlOl^iLPChygl and£: coU K12 HB10L^;»LPChyg2 
txansfoanants were plated on L agar containing aznpicfllin 
and identifred by restriction enzyme analysis of their plas- 
mid DNA. 

EXAMPLE 10 
Construction of Plasmid pBW32 
A. Construction of Litetmediate Plasmid jOPAlOS 
Plasmid prrPAlQ2 con^dses the coding sequence of 
human tissue plasminogen activator (ITA). Plasmid 
pTB\lQ2 can be isolated from coU K12 MM294/ 
pnrPA102, a strain available from the Northern Regional 
Research Laboratory under the accession number NRRL 
B- 15834^ A restriction site and Amctioa map of plasznid 
pTPAI02 is presented in HG. 14 of the accon^»anying 
drawings. Plasmid pTSAlOl DNA is isolated from JSl cali 
S12 MM294^pTPA102 in substantial accordance with the 
procedure of Rumple 1 

About 50 pg of plasmid pTPA102 (hi about 50 fd of TE 
buffer) were added to 10 |j1 of lOx TthllU buffer (0^ 
Nad; 80 mM Ucis-Ha. pE»7.4; 80 mM MgQa; 80 mM 
2-mercaptoethattol; and 1 mg^ml BSA) and 80 pi of H2O. 
About 10 pi (-50 units) of restriction enzyme Tthllll were 
added to the solution of DNA, and theresolting reacdon was 
incubated at 65* C for 2 hours. Hie reaction mixture was 
loaded onto an agarose gd, and the -4.4 kb Tthllll restric- 
tion fragment th^ compzises the TPA coding sequence was 
isolated from the geL The other digestion products, 3.1 kb 
and 0 J Icb restriction fragments, were discarded, ^out 10 
pg of the desired -4.4 kb TthlQI restricdon fragment were 
obtained and suspended in 10 pi of TE buffer. 
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About 5 pi of lOx Kleaow buffer aod 30 jil of EjO were 
added to the solution compdsing^the -4.4 Icb TtfaUlZ 
rc ffrict ion fcagmmt, and affcer ttie ftother addition of about 
5 pi of Klenow enzyme (-5 units), the reaction mixtnre was 
incubated at 16" C for 30 minutes. After the Klenow 
reaction, the DNA was precipitated with ethanol and resns- 
pended in 3 pi of IQx ligase bnfo and 14 pi of H3O. 

BamHI linken (New England Biolabs), which had the 
following sequence: ' 

till III! 

were Hnased and prepared for ligation by the fdlowiog 
procedure; Four pi of linkers (-2 pg) were dissolved in 20.15 
pi of HaO and 5 pi of lOx JUnase buffer (500 mM Tii^-Ha, 
pEt=7,6 and 100 mM MgOj), incubated at 90* C for two 
minutes, and then cooled to room ten^erature. Hve pi of 
Y-"P.AIP (-20 pCi), 2.5 pi of IM OTT, and 5 pi of 
polynucleotide kinase (-10 units) were added to the jiaxinse, 
whidi was then incubated at 37** C for 30 mfn i tfrff . Then, 
335 pi of 0.0IM ATP and 5 pi of kinase weie added, and the 
reaction was continued for another 30 minutes at 37« C The 
radioactive ATP aids in determining wfaedier the Hnkezs have 
ligated to the target DNA. 

About 10 pi of die kxnased BamHI Hnkcts were added to 
the solution of ^-4 kb TtfaUU restriction ftagment, aod 
after the addition of 2 pi of T4 DNAIigase (-1000 units) and 
1 pl of T4 RNAHgase (-2 units), the Hgationrtacdon was 
m«batcd ovcaight at 4« C The Hgated DKA was precmi- 
tated with ethanol and resuspcnded hi 5 pl of lOx mnrfrn 
buffer and 40 pl of H5O. About 5 pl (-50 units) of restriction 
enzyme Hindin were added to the solution of DNA, and the 
resulting reaction was incubated at 37« C for 2 hours. 

Hic Hindni-digcsted DNA was prcc^iitated widi ethanol 
and resuspcnded in 10 pl of lOx BamHI buffer and 90 pl of 
H5O. About 10 pl (-100 units) of restriction enzyme BamHI 
were added to the solution of DNA, and the resulting 
rcactioa was incubated at 37* C for 2 hours. After the 
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BaxoHI digesdon, the reaction mixcure was loaded onto an 
agarose gd, and die -2.0 Ido BaniEI-HindQI icsoictioa 
fimgmcst was Isolaced fiom tbe gcL About 4 pg of the desired 
fragmeot were obtained and suspended in about 5 jil of TE 
buffez: 

To construct piasznid p7PA103, the -2.0 kb BaznHI- 
HinrfTH restriction fragment derived fromplasmid pTTFAIOZ 
was inserted into BamBI-HindlM-digested plasinid pRC 
Flasmid pRC was constmctBd by inserting an -288 bp 
EcoIU-Qalrestriction fragnientthat comprises the promoter 
and operator (trpFO) sequences of the E, call trp operon into 
EcoRI-CIaI-<ligested plasmid pKC7. Flasmid pKC7 can be 
obtained from the Ametican 1^ Coltarc Collection in £ 
coU 812 NlOQ^pECT under the accession number ATCC 
37084. The -288 bp EcoRI-dal restriction fragment that 
cosqsises the trpFO can be isolated from plasmid pTPA102, 
which can be isolated from£: coi? K12 NiM294/iaTA102 ' 
(NKRL B-I2834)l Plasmid pKC7 and plasmid pTPAI02 
DNA can be obtained from the aforementioned ceil lines in 
substantial accordance with the procedure of Bxample 3. 
This -0129 kb EcoRJ-Cal restriction fragment of piasznid 
pn7AlQ2 comprises the transa^on activating sequence 
and most of the transladon activating sequence of the £ eoU 
trp gene and has the sequence depicted below: 

10 20 30 40 20 

y^TTCACGCT GrCOrarTAT CGTCGCTGCr CGCTAGCGTO CCOACCCCCA 

lit I II nil lit II I mil 111 II. nil nil 1 1 iiinniii 

V-CStQCOK CACCACAATA CCACjCCACCA GCGATCCCAC GCSCTGCGCCT 

60 70 80 90 100 

TCTCOACTGC ACGGTGCACC AATCCTTCXa GCCfTCAGGCA GCCAATCGGA 

nniiiiii ntiiiini iiiiiiiiii itniiiin niiiiiiii 

AGAGCrOACa TGCCACCTGO TTACOAAGAC CCSCAGTCCGr CGGrTACCCT 

110 120 130 1« ^ 

AGCTCTTOGTA TGGCTCrGCA GCrCCTTAJAA TCACCtJCATA ATTCaACTCQ 

iiniiiiii niiiiiiii iiiiiiini niiiniii niiniiii 

TCOACACCAT ACCOACACOT CCAGCATATT ACrGCCCTAT TAAGCTCACX: 
160 110 180 . 190 200 

mtffff??. tfffffffTf T?Trf?fiTf fmTTfftt 

OACrXCCCCa TOACCXjCAAO GCCPATTACA AMAMCQ^iCQ crGrACTATT 

210 220- 230 240 230 

COCTTTCCCSCJC AAATATTCTO AAATOAGCTO prOACAATTA ATCATCGAAC 

iiniinii ininnii iiiiiiiiti iiiiiiiiii iiU<i)U.i 

GCCAACGCCa TTTAXAAOAC TTTACrCOAC AACTGTTAAT TAGTAGCTrQ 

260 370 280 387 

TAGrrTAACTA QTACQCAAOr TCTCGTAAAA AGGGTAT-J - . • 

iiiiiiitii iiniiiiii niiniiii iiniii 

ATCAATXaAT CATGCGTTCA AOAGCATTTT TCCCATAGC^ 



Thus, to construct plasmid pRC, about 2 pg of plasmid 
pKC7 in 10 pi of TE buffer were added to 2 pi of lOx Qal 
buffer (0.5M Nad; 60 mM las-HO, pE=i7.9, 60 mM 
MgCla; and 1 w^mL BSA) and 6 jd of HaO- About2 pi (-10 
units.) of lestziction enzyme Qal wae added to the solutlcn 
of ria*iT>iM pKC7 DNA» and the resulting reaction was 
incubated at 37« C for 2 hours. The Clal-digested plasmid 
pKC7 DNA was prcc^tated with cthanol and resuspcndcd 
in 2 pi of lOx EcoRI buffer and 16 pi of H3O. About 2 pi 
(-10 units) of resttictlon enzyme EcoRI were added to the 
solution of Oal-digested plasmid pKC:7 DNA, and the 
resulting reaction was incubated at IT C for 2 hours. 

The EcoRI-Qal-digested plasmid pKC7 DNA was 
extracted once with phenol and then twice with chlorofoim. 
The DNA was then precipitated with cthanol and rcsus- 
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pended in 3 )il <tf lOx ligaae buffer aad 20 {li of B^O. A 
ccstdctloix site and ftzncdoa map 6£ pLumid pKC7 can be 
obtained ftozn Maniatis et aL, MoUadar Cloning (Cold 
Spxing Earba Laboratory, 1982), page 8. 

About 20 K of piasmid pIFAlQ2.in about 20 )il of TE 
buffer were added to 10 pi of lOx dal buffer and 60 pi of 
HjO. About 10 pdl (-50 units) of restriction enzyme dal 
wae added to the solution of piasmid pTTPAlOS DNA, and 
the resulting reaction was incnbated at 37* C for 2 hours. 
The Oal-digestcd plasznid jTIPAlOZ DNA was prec^atated 
with ethanol and resuspended in 10 pi of lOx EcoRI buffs 
and 80 pi of H3O. About 10 pi (-50 units) of restdcdon 
enzyme EcoRI were added to the sohidon <tf Qal-digested 
piasmid pfrPAlQ2 DNA» and the resulting reacdoa was 
incubated at 37" C for 2 hours. 

The EcoRKM-digested piasmid paPA102 DNA was 
ex&acted once with phenol, loaded onto a 7% polyacryU- 
mide gd, and electrophorBsed until the -288 bp EcoRI-Oal 
restriction fragment that conqjdses the tipPO was sqjaiated 
from the otha digestion products. The -288 bp EcoRI-OaZ 
restriction fragment was isolated from the gel; about 1 pg of 
the desired fragment was' obtained, suspended in 5 pi of IE 
buffer, and added to the solution of EcoRI-Oal-digested 
piasmid pKC7 DNA piepaxed as descnbed above. About 2 
pi (-1000 units) of T4 DNAligase were then added to the 
mixture of DNA, and the resillting Sgadon reaction was 
incubated at 16"* C f or 2 hours. The ligatcd DNA constituted 
the desired piasmid pRC t)NA. 

The ligated DNA was used to transfona K eoU KX2 
HBlOl competent cells in substantial accordance with the 
procedure ctf Example 2. The transformed cells were plated 
on L agar containing 100 pgU ampidlTIn, and the 
an^ictUin-resistaat transfonnants were screened by restdc- 
tion enzyme analysis of their piasmid DNA to Idratxty the 
desired E. coU K12 WMOVgStJZ colonies. Flasmid pRC 
DNA was obtained from the £ coi? K12 HBlOl^iRC 
tnuuformants in substantial accordance with the procedure 
of Hxanqile 3. 

About 2 pg of piasmid pRC DNAin 2 pi ofTE buffer were 
added to 2 pi of lOx HindZE buffer and 16 pi of H3O. About 
2 pi (-10 units) of resUictipn ensyme HincUII were added to 
the sohition of piasmid piRC DNA, and theresuMngreaction 
was incubated at 37" C for two hours. Ihe ElndllZ-dtgested 
piasmid pRC DNA was prec^iitated with ethanol and resus- 
pended in 2 pi of lOx BamHI buffer and 16 pi of Hl^O. About 

2 pi (-10 units) of restriction en^me BamKT were added to 
the sohition of mndm-digested piasmid pRC DNA« and the 
resulting reaction was incubated at 37" C for 2 houn. 

The BamSI-Hittdni-digested piasmid pRC DNA was 
extracted once with-phebol and then twice with chlcrofonn. 
The DNA was precipitated with ethanol and resuspended in 

3 pi of lOx iigase buffer and 20 pi of H3O. The -4 pg (in -5 
pi of TE buffer) of -ZO icb EhrdEI-fiamHZ restriction 
fragment of piasmid prrPA102 were then added to the 
solution of BamHI-HindXlI-digested piasmid pRC DNA. 
About 2 pi (-1000 units) of T4 DNA ligase were added to 
the mixture of DNA, and the resulting reacdon was incu- 
bated at 16" C for 2 hours. The ligated DNA constimted the 
desired piasmid pTPA103 DNA. 

To reduce undesxred transfonnants, the ligated DNA was 
digested with restriction enzyme NcoZ, which cuts T^UsmA 
pRC but not piasmid pT£AlQ3. Thus, digestion of the 
ligated DNA with Ncol reduces undeshed trauafomiants, 
because linearized DNA transforms £ coll at a lower 
frequency than closed, circular DNA. To digest the ligated 
DNA, the DNA was first precipitated with ethanol and then 
resuspended in 2 pi of lOx Ned buffer (1.5M NaQ; 60 mM 
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16 Id of Kfl. About 2 Ml (-10 units) of restriction eazyac ' 
Ncol were added to the solution of DNA, and the icwUine 
reaction was iacubated at 37« C for 2 hours. 

The ligated and then Ncol-digcsted DNA was used to 
ttaasfonafl coU K12 RV308 (NRRLB-15fi24); E. eoU K22 
syZQZ cdls were made competent and tiansfonned in 
substantial accordance with die procedure of Example 3. 
The ttansformatfoa mixture was plated on L agar containing 
100 pgtel ampidmn.Hie ampidlliiwesistanttransfacnana 
were tested for seasitivi^ to fcananqrcin, for diough plasmid 
pRC confers lanamydn resistance, plasmid jOPAlOS does 
not The ampidnin-resistaat kaaamydn-scnsitive transfor- 
mants were then used to prepare plasmid DNA, and the 
plaamidDNAwas exainincd by restriction enrymc analysis 
to identify the E eoU K12 RV308/iOTA103 transfcnmits. 
. Arcstiiction site and ftmctfon soap of plasmid pfra\l03 is 
presented in ECG. 14 of the accon^ianying drawings. Elas- * 
ndd pnRUQ3 DNA was isolated from die Z coir K12 
RV3C8/p'roUQ3 cells in substantial accordance with the 
procedure of Example 3. 
B. Gonstzucdott of Ihtcxmediate Flasmid piBW25 

About 1 )ig of plasmid pTPAlOa DNAin 1 pi of TE buffer 
was added to 2. pi of lOx BgOI buffer and 16 pi of HjO. 
About 1 pi (-5 units) of restticdon enzyme BgUI was added 
to the soludon of plasmid pTPA103 DNA, and die resulting 
reaction was Incubated at 37« C f or 2 houn. Tbc BglH- 
dlgested plaamid pTTPAlOa DNA was precqatated with 
cthanol and resnspcndcd in 5 pi of lOx Klcnow buffer and 
44 pi of HjO. About 1 pi of Klcnow enzyme (1 unit) was 
added to the solution of B^-digested plasmid pTFAlOS 
DNA, and tiie resulting reaction was incubated at 16» C for 
2 boors. The KlenoW'treated, Bglll-digested plasmid 
p^A103 DNA was precipitated with edianol and lesus- 
pendcd in 3 pi of lOx Hgase buffer and 22 pi of HjO. 

About 2 pi (02 pg) of unkinased Ndel lintes (New 
England Biolabs) of sequence: 



'■fff?tf?r 



were added to the solution of Klenbw-treated, BglE- 
digested plasmid pTPAlQlDNA, togcdicr with 2 pi (-1000 
units) of T4 DNA Hgase and 1 pi (-2 units) of T4 RNA 
ligase, and the resulting ligation reaction was incubated at 4'* 
C overnight The ligated DNA constituted plasmid 
plPAlOSdexNdeL wMdi is substantiaUy similar Co plasmid 
pnnBA103, except plasmid pTPAlOadcrNdcr has an Nclcl 
recognition seqoence whero plasmid pITAlOS has a BglH 
recognition sequence. 

The ligated DNA was' used to transfam E coU K12 
RV308 conqietent cells in substantial accordance widt die 
procedure described in Example 2. Hie transfomied cells 
were plated on L-agar containing ampidUin, and the £. coU 
K12 Ky308/pnTAlQ3derNdeZ transformants were identified 
by restriction enzyme analysis of dietr plasmid DNA. Plas- 
mid pTB^03decNde£ DNA was isolated &om the transfor- 
maacs for use in subsequent coostrucrions in substantial 
accordance with the procedure of Example 3, 

About 10 pg of plasmid pTEA103dcrNdcX DNA in 10 pi 
of TE buffer were added to 2 pi of lOx Avail buffer (0.6M 
NaQ; 60 mM Tiis-Ha pH=8.0; O.IM MgO,; 60 mM 
2-mercaptoethanol; and 1 w^fxal BSA) and 6 fd of H^O. 
About 2 pi (-10 units) of restriction enzyme Avail were 
added to die DNA, and the resulting reaction was incubated 
at 37" C f6r 2 hours. The Avail-digested DNA was loaded 
onto an agarose gel and electrophorescd undl the -1.4 kb 
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lestdcdon fragment waa separated from the ocher digestiaa 
pr(xliicts. The -*L4 kb Avan restdctioa fragment of pias^ 
lOPAlOSded^del was isolated from' the about 2 pg of 
the desiied fragment were obtained and suspended in 5 pi of 
TS buffet; 

About 2 pi of lOx Slenow bnffer, 35 pi of E^Oi and 5 )d 
(-5 units) of Klenow enzyme were added to the solution of 
•1.4 kb AvaH lestdctlon fragment, and the zesoMng reaction 
was incubated at 16° C for thirty minutes. Hie KlentSw- 
tteated DNAwas prec^pit;tted with ethanol andresnspended 
in 3 (il of lOx Hgase buffer and 14 pi of HjO. 

About 2 )ig of Hpal linkers of sequence: 



FAACOO* 

mil 

S'-GCAATTGC-a* 



were kinased in substantial accordance with the procedure of 
Exan^ple lOA. About 10 pi of the kinased linkers were added 
to the solution of Klenow-treated, -1.4 kb Avail restciction 
fragment of plasmid pnrBU03derNdeI together with 2 pi 
(-1000 units) of T4 DNA ligase and 1 pi (-1 unit) of T4 
RNA Hgase, and the resulting reaction was incubated at 16° 
C. ovexnigjit. 

The ligated DNA was extracted once wi& phenol, 
extracted twice with cfalocafoim, predpitaeed with elhanol, 
and resttspended in 2 pi of lOx EcbRI buffer and 16 pi of 
HiO. About 2 jil (-10 units) of restdcdon enzyme EcoRI 
wae added to the solution of DNA, and the resulting 
reaction was lnniK''»^'< at 3T* C f or 2 hours. The EcoRI- 
digested DNA was extracted once with phenol, extracted 
twice with chlorofoim, precipitated widi cfh a n o l , andresus- 
pended k 3 pi of lOx ligase buffer and 20 pi of H2O. Hie 
fragment, which is about 770 bp in size and encodes ttie 
tipPo and the amino-tominus of TPA, thus prepared had one 
EcoRI-con^atihle end and one blunt end and was ligated 
into EcoiRI-^mal-digested plasmid pUC19 to fcsm plasmid 
pUClSTEAFE. ... 

About 2 pi of plasmid pUC19 (available firam Bcthesda 
Research Laboratories) were dissolved in 2 pi of lOx Smal 
buffer (0.2M KG; 60 mM Xda-HO, pB«8.0; 60 mM 
MgCa,; 60 mM 2-mcrcq)tocdianol; and 1 mgM BSA) and 
16 pi of HiO. About 2 pi (-10 units) of restriction enzyme 
Smal were added to the solution of DNA, and the resulthig 
reaction was incubated at 25" C for 2 hours. The Smal- 
digcatcd plasmid pUC19 DNA was precipitated with, 
ethanol, ^^"^^'■^ by centdfiigadon, and resuspended in 2 pi 
of lOx EcoRI buffer and 16 pi of H^O. About2 pl(-10units) 
of restriction enzyme E«M were added to the solution of 
Smal-dlgcsted plasmid pUC19 DNA, and the resulting 
reaction was incubated at 37" C for 2 hours. The EcoRI- 
Smal-digcsted plasmid pUC19 DNA was extracted once 
with phenol, extracted twice with chlaoform, and resus- 
pended in 5 pi of TB buffec 

The EcoRI-5maI-digested plasmid pUCl9 DNA was 
^AA^ to the solution containing the -770 bp EcoRI-hlunt 
end restriction fragment derived from plasmid 
pTPA103daNdeL About 2 pi (-1000 units) of T4 DNA 
Ugase were added to the mixnire of DNA, and ihe resulting 
reaction was incubated at 16" C overnight The ligatedDNA 
constituted the desired plasmid pUCl^TPAFE A restriction 
site and function map of plasmid pUC19TPAFE is presented 
in FIG. 14 of the accompanying drawings. 

The inultiple-doning site of plasmid pUC19. whidi com- 
prises the EcoRI and Smal recognition sequences utilized in 
the construction of plasmid pUClSTPAFE, is located within 
the coding sequence for the lacZ a fragment Expression of 
the lacZ a fragment in cells that contain the lacZ mi5 
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nratatioa, a smtatioii'in the lacZ gene that encodes 
^alactosidase, allows those ceils to^press a fkinctiottal 
^galactosiilase molecule and thus allows those cells to 
hydrolyze X-Cal (5-bromo-4-chloro-3-indolyi-P-D- 
galactopyranoside), a colcdeas compound^ to its indigo- 
colored hydrolysis product Insertion of DNA inito the 
nxult^e-doaittg site of plasxnid pUC19 inteiznptx the cod- 
ing sequence for the lacZ a fragment; and cells with the lacZ ' 
AM15 nunatioa that host such a plasinid are unable to 
hydrolyie X-<jal (this same pnT^'?q?te is atniTj^ when clon- 
ing into plasndd pUC8; see Exan3|>le 2). The Ugated DNA 
that constitnted plasmid pUClSTPAFE was used to tians- 
tQaxiE,eoUKnwami5 CNX»LB-15440) cells made 
conqjctentfortiansfannation in substantial accordance with 
the procedure of Example Z 

The iiansfacmed cells were plated on L agar containing 
100 ysfml ampidnin; 40 p^nl X-Gal; and 1 oM IPTG. 
Ccloxiies that failed to exhibit the inctigo color were subcul- 
tnred and used to prepare pLasmid DNA; the &, coll K12 
RRlAM154>UC19n[PAFE txansfonnants were identified by 
restsicdon enzyme analysis of their plasnxld DNA Hasmid 
pUClSTOAEB DNA was isolated flrom the E coff KI2 
^lAMlSfpUCiTTBAFE cells for use hi subsequent con- 
structions in substantial accordance with the procedure of 
Example 3. 

About 7 pg of plasmid pUCmPAFE h 20 pi of TE 
buffer were added to 10 pi of lOx Hpal buCfer (a2M Kd; 
0.1M TMs-HOL pB-74; and 0.1M MgOJ and 70 pi of 
H^O. About 3 pi (HS units) of restriction enzyme Hpal were 
added to the solution of plasmid pUClSTPAFE DNA, and 
the resulting reaction was incubated at 37^ C for 20 adh- 
utes; the short zeacdon period was designed to yield a partial 
Hpal digest The reaction was adjusted to 150 pi of Ix 
BamHI buffer (150 mM NaCU 10 mM Ttis-HO, pB=:8.0; 
and 10 mM MgO^; raising the salt ooncentsadon inactivates 
Hpal). About 1 pi (-16 units) of restriction enzyme BamHI 
were added to the solution of partially-f^al-digested DNA, 
and the resulting reaction was incubated at 37*> C for 90 
mimites. 

The BamHI-partially-HpaZ-digested plasmid 
pU(:i9TFAFB DNA was concentrated by ethanol 
precipitation* loaded onto a 1^% agarose geU and the -3.42 
kb Hpa^BamHI restdction fcagment that comprises ttie 
lepiicon, p-lactarnase gene, and all of the TPA-encoding 
DNA of plasmid pUCAIFAJFE was isolated from the gel by 
cutting out the segment of the gel that contained the desired 
ficagment» freezing the segment, and then squeezing the 
liquid £nmi the segmenL The DNA was precqritated from the 
liquid by an ethanol proripitatinn. About 1 pg of the desired 
fragment was obtained and suspended in 20 pi of TE buffer. 

About 10 pg of plasmid pT^103 in 10 pi of TE buffer 
were dissolved in 10 pi of lOx Seal buffer (1.0M NaQ; 60 
mM Ths-HCX pB»7.4; and 60 mM MgCLj) 10 mM DnT; 
and 1 mg/ml BSA) and 80 pi of H^O. About 3 pi (-18 units) 
of restriction enzyme Seal were added to the solution of 
plasmid pTPAlOS DNA, and the resulting reaction was 
incubated at 37^ C for 90 minutes. The leactlon volume was 
adjusted to 150 pi of Ix BamHI buffer, and about 1 pi (-16 
units) of restriction enzyme BamHI was added to the 
mixture, which was then incubated at 3T* C for 90 minutes. 
The DNA was prec^tated with ethanol, collected by 
centrifugation, and resuspended in preparation for electro- 
pboreais. The Scal-BamHI-digested plasmidpTFA103 DNA 
was loaded onto a 1.5% agarose gel and electrcphoresed 
until the -1.015 kh Scal-BamHI restriction fragment was 
separated from the other digestion products. The -1.015 
Scal-BamHI restzicticn fragment that comprises the TPA 
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isolated from the gel; aboot 0L5 pg of the desired fragment 
were obtained and dissolved in 20 ^of glass-distilled H3O. 

About 2 )il of the -3.42 Id) BamHI-Hpal cestiiction 
fragnient of plasmid pUC19TFAFB were added to 2 fil of the 
-1.015 Id) Scal-BamHI lestdction fragment of pla^nid 
]aTAlQ3 togetho with 2 jd of lOxlig^e buffer and 1^1 (-1 
Weiss unit; the ligase was obtained from Fromega Biotec, 
2800 S. Fish Hatdiery Road, Madison, ^ 53711) of T4 
DNAIigase, and the resulting reaction was incubated at 16** 
C ovemig^ht The ligated DNA constituted the desired 
plasmid pBW25. A restriction site and fhnctton map of 
plasmid pBW25 is presented in FKj. 14 of the accozxqjany- 
ing dran^gs. 

The ligated DKA was used to transfomi K coU K12 
JM105 (acvailable from BRL) that were made con^tent for 
transfcRiiadon hi substantial accordance with the procedure 
of Exanqile % except that 50 saM CaOs was used in the 
procedure. The transformed ceUs wcreplaied onfiHI (Difco 
Laboratories, Detroit, Mich.) containing 100 )tg/ml 
ampidllfn, and the £1 coU K12 JM105^W25 ttanafor- 
mants were identi&ed by restziction enzyme analysis of their 
plasmid DKA. Digestion of plasmid pBW25 with restriction 
enzyme EcoRI yields -3J8 kb and -LOS kb restdction 
fragmftitfi. Plaszntd pBW25 is pcepaied foruse in subse- 
quent constructioQS in substantial accordance with the pro- 
cedure cf Fxample 3. 

C Site-specific Mutagenesis of the T7A Codhig Region, and 
Construction of Hasmid pBW28 

About 5 (Lg of plasmid pBW25 in 10 pi of glass-distilled 
HjO were added to about 10 |d of lOx HiTiriTTT reaction 
buffer and 80 pi of H^O. About 1 pi (-20 units) of restdction 
enzyme HlndTTT was added to the solution of plasmid 
ftBW25 DNA, and the resulthig reaction was hxcubated at 
37** C for 90 minutes. Aboat3 pi (-24 units) of restdction 
enzyme EcoRI and 10 pi of IM TdsSO^ ^BpHj^ were 
added to the sohition of Hindm-digesteci plasmid pBW25 
DNA, and the resulting reaction was incubated at 37"* C. for 
90 minutes. The EcoRX-BindlZI-digested plasxjaid pBW25 
DNA was concentrated by etbanol pcec^itation, loaded onto 
a 1.5% agarose gd, and electrophoresed until the -810 bp 
EcoRI-Hindlll restdction fragment was separated from the 
other digestion products. About 0.5 pg of the -810 bp 
Eco<^-nndni restdction fragment was isolated from the 
gel, prepared for ligation, and resuspended in 20 pi of 
gUss-distiUed HjO, 

About 4.5 pg cf the replicative fona (RF) of M13mp8 
DNA (available from New En^and Biciabs) hi 35 pi of 
glass-distilled H3O were added to 10 pi of lOx HindTTT 
buffer and 55 pi of HjO. About 1 pi (-20 units) of restdction 
enzyme HindHI was added to the sohition ofM13R98 DNA, 
and the resulthig reaction was incubated at 37** C for 1 houc 
About 3 pi (-24 units) of restriction enzyme EcoRI and 
about 10 pi of IM Tds.Ha, ^Bi^ajS^ were added to the 
sohition of Hndm-digested M13n98 DNA, and the result- 
ing reaction was incubated at 37^ C for 1 houc The 
Hindni-EcoRI-digested M13mp8 DNA was collected by 
ethanol precipitation, resuspended in prepantiott for agarose , 
gel dectrophoxesis, and the large restxiction fragment iso- 
lated by gel elccfirophcresis. About 1 pg of the large EcoRI- 
Hindm restdction fragment of M13nxpft was obtained and 
suspended in 20 pi of glass-distilled H^O. About 2 pi of the 
large EcQRI-HindEX restdction fragment of M13mp8, 2 pi of 
lOx ligase buffer, 12 pi of H3O and -1 pi (-1 Weiss unit) of 
T4 DNA ligase were added to 3 pi of the -810 bp EcoRI- 
TtinrfTTT xestdctioo fragment d plasmid pBW25, and the 
resulting ligation reaction was incubated at 16" C overnight 

jC. coil JM103 cells, available from BRL, were made 
caa^teaX and transfected widi the ligation mix in substan- 
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tial accardance with the proccebnc <iescabed In the BRL 
M13 Qoniag^'Gideaxy' Sequencing Ihstructioa Manual, 
except that the aniount of DNA nsed per tiansfecdon was 
vaned. Recombinast plaques were .identified by insetdonal 
inactivadon of the ^gaiactosidase a-ftagmen&eacoding 
gene, which zesults in the loss of the ability to cleave X*gal 
to its indigo-colored cleavage prodnct. For screening 
purposes, sk white plaques were pfrVrrf into 2J ml of L 
broth, to wMch was added a4 ml of £ col2 K12 JM103, 
cultured is smdmal media stodcto insure retention of the-F 
episome that catcies proAB, hi logatxtfamic growth phase. 
The plaque-containing solutions were incubated in as azr- 
shaker at 37** C for S hours. Cdls &Dm L5 mi aiiquots were 
pelleted and RF DNA isolated hi substantial acdozdance with 
the allcaliqe misiscrees procedure of Bimboim and Doly, 
1979, Nua Adds Res. 7:1213. The xemainder of each 
culture was stored at 4'* C for stpcL The desired phage, 
dftsfgnatftd pMSBW26, contained the -810 bp EcoRI- 
TT?nHTTT .jcstdctios fragment of plasmid pBW25 ligated to 
the -7^ ]d> EcoRI-Hindia restriction fira^nent of MlSn^S. 

About fifty ml of log phase £1 coU jMlQ3 were infected 
with piM8BW26 and incubated in an airHshakerat37'* C for 
18 hours. The infected cdls were pelleted by low speed 
ccntriftigation, and single-stranded pM8BW26 DNA was 
prepared fram the culture supernatant by scaling up the 
p f *> < T ft'1 u r ff given in the Instruction t"^*"^**^ Single-stcanded 
pM8BW26 was mntagenized in substantial accordance with 
the »^**^g^g of Adebnan et aU, 1983, DNA 2C3): 183-193, 
except that the Klenow reaction was done at roomtemperar 
ture for 30 minutes, then 8137** C for 60 minutes, then at 10" 
C for 18 hours. In addition, the SI treatment was done at 20" 
C, the salt concentration of tize buffa was one-half that 
reconunended by the manufactnrex; and the M13 sequencing 
primer (BRL) was used. Tlie syntfaietic oligodeoKyiibonude- 
otide pdzner used to delete the coding sequence for amino 
add residues 87 through 261 of native TPA was 

T^CCOAJiaTGCrCGtQAJUaKrCCACCTQCaX 

The resulting mutagenesis mix was used to transfect £L 
coU K12 JM103 in substandal accordance with the infection 
procedure described above. Desired mutants were identified 
by restriction enzyme analysis of RF DNA and by Maxam 
and GiXbat DNA sequendngi The desired- mutant, which 
had the coding yf p i gi MT fcr amino add residues 87 through 
261 of native TTA deleted, was designated pM8BW27. 

To constructpIaanidpBW28, avanety Of DNAfiragmcnts 
are needed. The first of these fragments was obtained by 
adding -20 pg of RF pM8BW27 DNA in 20 )ii of glass- 
distilled H^O to 10 pi of lOx Ndel buffer and 60 pl-of H^O; 
About 10 pi (-50 units) of restriction enzyme Ndel were 
added to the mixture of plasmid pM8BW27 DNA. and the 
resulting reaction was incubated at 37* C fbr two hours. The 
Ndel-digested plasmid pM8BW27 DNA was ptedpitated 
with ethanol, collected by oenttif^gadon, and resuspended in 
10 pi of lOx £coRI buffer and 90 pi of HjO. About 10 pi 
(-50 units) of restdction enzyme EooRI were added to the 
sohidon of NdeX^ligested plaanid pM8BW27 DNA, and the 
resulting reaction waa incubated at 37* C for 2 hours. The 
EcoRI-NdcI^gested plasmid pM8BW27 DNA was elcc- 
trophoresed on an agarose gel imtil the -560 bp NdcX-EcoRI 
restricdon firagment, which contains the portion of TPA 
coding sequence that spans the site of ddetibn, was sepa- 
rated firom the other digestion products. The -560 bp Ndel- 
EcoRI restriction fragment was isolated jSrom the gd; about 
0.5 pg of the desired ficagment was obtained and suspended 
in 20 pi of glass-^disdUed H2O. 

The second fragment needed to construe: plasmid pB W28 



43 

synthesizec The two conplezsentary stramis, which will 
hybridize to fcoa a doubie-sttanded DKA segment with 
Xbal and Kdd ovexia^s, are kinase'd and annealed in sub- 
stantial accordance with the procednre of Exampic 6A. Tha 
ii'titfiT has the following strnctore: 

/. • 
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TCeCATAATTiOTACATAGCTAAArTTArTCCTCCTTXrr orAT 



The third fragnoent needed to construct plasmid pBWZS 
was prepared by adding -20 pg of plasmid {OFAIOS In 20 
fU of TE baffff to 10 (il of lOx BamHI bufferiand 60 pi of 
H3O. About 10 fii ("50 units) of restriction enayme BamHI 
wae added to the solution of plasmid pTPAlQ3 DNA, and 
the resuUing reaction was incubated at 37^ C for 2 hours. 
The BamHI-digested plasmid plPAlOa DNA was precipi- 
tated with ethanol, collrcfrd by centdfiigation, and resns- 
pendedin 10 pi of lOxEcoRI buffer and 80 pi of H^O. About 
10 pi (-50 units) of restriction enzyme EcoKI were added to 
the solution of BamHC-digested plasmid jpTIPAlOS DKA^ 
and the resulting reacdon was incubated at 37o C for 2 
hours. The BarnHX-EcoRI-digested plasmid pTPAlQS DNA 
was loaded onto an agarose gel and elecfirophoresed until the 
-689 bp EraRI-BamHI lestzicdon ficagmem; which com- 
prises the coding sequence for the carfaoocy-tcrminns ofTBA, 
was separated &om the other digestion products. About 0^ 
pg of the -689 bp fn^^^ was isolated from the gd and 
thenresuspendedin 10 pi of glass-distiUed H3O. 

The final foigment necessary to construct plasmid pBW28 
was isolated 6om plasmid pLllO, which is a plasmid 
disclosed and daimed ia VS. patent application Set: Na 
769^21, filed Aug. 26, 1985, attorney docket number 
X-6638. A restriction site and fhnction map of plasmid 
pLllO is presented in HG. 14 of the accompanying 
drawings, and the construcdon of plasmid pLllO is (fis- 
dosed in Bxaix^le lOd, the following section of the present 
Example. 

About 25 pg of plasmid pLllO In 25 pi of TE buffer were 
added to 10 pi of lOx ^al buffer (0.5M Nad; 60 mM 
THs-HO. plt=7.9; 60 mM UgOzi and 1 mg^ml BSA) and 
55 pi of H2O. About 10 pi (-50 units) of restriction enzyme 
Xbal were added to the solution of plasmid pLllO DNA, and 
the resulting reacdon was incubated at 37" C far 2 hours. 
The Xbal-dlgested plasmid pLllO DKA was predpitaled 
widiethanoU collected by centrirtigation^ and resuspended in 
10 pi of lOx BamHI buffer and 89 pi of HaO. About 1 pi (-5 
units) of restriction enzyme BamHI was added to the solu- 
tioQ of Xbal-digested plasmid pUlO DNA, and the resulting 
zeaction was incubated at 37* C for 30 minutes to obtain a 
partial BamHI digest. The Xbal-partially-BamHI-digestcd 
piasmid-pLllO DNA was loaded onto an agarose gel and 
dectrcphoresed until the -6.0 kb Xbal-BamHI fragment 
was dearly separated from the other digesdon products. The 
--6.0 kb restriction fragment was isolated from the gd; about 
a5 pg of the -6.0 3d) Xbal-BamHI restriction fragment was 
obtained and suspended in about 40 pi of glass-disdiled 
H,0. This -6.0 kb Xbal-BamHI restriction fragment com- 
prises aU of plasmid pLllO except die EK-BGH-cncoding 

DNA. . _ 

To construct plasmid pBW28, the following fragments are 
mixed together about 0.1 pg (-8 pi) of ±e -6.0 kfa BamHI- 
Xbal restriction fragment of plasmid pLllO; about 0,05 pg 
(-2 pi) of the -560 bp Ndd-EcoRI restriction fragment of 
plasmid pM8BW27; about ai pg (-2 pi) of die -^89 bp 
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EcoRI-BamHI rcsttictton fragment of pUtsiaid prrPA103; 
and about dQZ |ig (-1) of the -45 bp ^al-Kdel synthetic 
imicj^r , Aboat 2 pi of lOx ligase buffer and 1 pi (-1 Weiss 
nnit) of T4 DNAUgaae are added to the xxdxtaro of DNA« 
and (he resulting ligation xeactioa is incubated at 4" C 

ovcznis^ ^ 2 hours. The Mgated DKA oonstitnted the 
desired pUsmid pBW28. Axestriction site and fbnctlon map 
of plasmid pBW28 is presented in HSL 14 of the accamr 
pasjring drawings. 

The Ugated DNA was nsed to transfonn £. coll KU 
MM294 CNRRL B-15625) made con^etent in substantial 
accardance with the procedore of Hxample 2, occept that 50 
mM CaQa was used in die procedure. Due to the presence 
of the Imrthdn pL promoter and the gene encoding the 
teaq>entture-8ensitive lambda pL repressor on plumld 
pBW28f the transformation procedure and cnltcoihg of 
ttansfccmants were varied somewhat The ceHs were not 
exposed to texnperalures greater than 32° C during trans- 
foonation and subsequent Qittiiring. The following section 
of this Exaix^jle relates more fiiUy the procedures for han- 
dling plasmids ttut encode the ^*wiKHa px^ promoter and its 
tenqxxatur&*sensitive repressor. The desired £ coU K12 
MM294/pBW28 transformants were identified by their 
tetracydine-resistanty ampidllin*sensitlve phenotype and by 
restriction enzyme analysis of their plasmid DNA. ' 
D, Construction of Hafflid pLllO 

masmid pLllO was constructed using plasmid pKC2S3 as 
starting mafffrial. Lyqphib ofE^eoU K12 B£1201/pKC283 
are obtained from the NBRL under the accession number 
NRRL B-15830. Hie lyc^iils are decanted into tnbes con- 
taining 10 ml of Lfaroth and incubated two hours at 32" C, 
at wliidi time the cultures are made 50 pgAnl in amp^riiim 
and then incubated at 32" C overnight. The E. coll K12 
BE1201^KC283 ceHs were cultured at 32" C, because 
plasmid pKC2S3 CQar|rises the pL promoter and txcause E, 
coU K12 BE1201 cells mmprise a teni{)erature-sensttive d 
repressor gene-integrated into the cellnlar DNA. When cells 
that comprise a wildrtype lambda pL repressor gene or when 
ceHs that do not ccmiirise a lambda pLpronaotcr are utilized 
in t|iis plasmid isolation procedure, as described in subse- 
quent Examples herein, the teno^eramre of incubation is 37". 
C 

A small portion of the overnight culture is placed on 
L-agar plates containing 50 p^ml ampidllin in a manner so 
as to obtain a single colony isolate of £. eoU K12BE1201/ 
pKCZS3. The single colony obtained was inoculated into 10 
ml of L broth containing 50 pg/!ml ampicillitt and incubated 
overnight at 32** C with vigorous shaking. The 10 ml 
overnight culture was inoculated into 500 ntil of Lbroth and 
incubated at 32" C with vigorous shajdng until the culture 
reached stationary phase. Plasmid pKC2S3 DNA was then 
prepared from die cdls in substandal acccvdance with Che 
procedure of Example 3. About 1 mg of plasmid pKC283 
was obtained and stored at 4" C in TH buffer at a concen- 
tration of about 1 pg/ul. A restdcdon site and function map 
of plasmid pKC2S3 is presented in FIG. 14 of the accom- 
panying drawings. 

About 10 pi (-10 pg) of the plasmid pKC233 DNA were 
mixed with 20 pi lOx medium-salt restdcdon buffer (500 
mM NaQ; 100 mM Tcis-Ha pH=7 J; 100 mM UgO.; and 
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10 sliM OTT), 20 (it 1 ms/wl BSA* 5 filxestdcdoa enzyme 
Fvun C-*2S units), and 143 )il of wata; and the resulting 
xeaction was incnbat'rf at 37* C for 2 hom Rcstilctioa 
enzyme reactions described herein were routinely termi- 
nated by phenol and then chloxofooxi extractions^ which 
wae followed by pzecqiitation of the DKA, an ethand 
washy and resuspenaion of the DMA in IE boffei; After 
rrnniT^atfng the Pvun digestioa as 30 descnbed above. ±o 
PvuE-digested plasmid pKC283 DNA was decapitated and 
tttenresaspendedin5 (d QfTEbiiSiB& 

About 600 picomolcs (pM) of Xhol linkers (5*- 
CCrCGAGG-30 were kinased in a mixtme contafTring 10 pi 
of 5x Kinase Buffer (300 mM Tds-HO, p&^.8; 50 mM 
MgOj; and 25 mM OTT), 5 >d of 5 mM ATP, 24 pi of HaO, 
0.5 pi of T4polymicieotide kinase (aboat2^ units as defined 
by P-LB£ochemica]s)» 5 pi of 1 mgMBSA* and 5 pi of 10 
mM apennidlnc by incubating the mrntore at 37> C for 30 
Tntnnti>< Aboct 12^ pi cf tfae kinased Xh6L linkers were 
added to the 5 pi of FvuH-digested plasmid pKC283 DNA* 
and then, Z5 pi of lOx Jigase buffer; 2^ pi (aboat 2^ units 
as defined by P-LBiocliemicals) of T4 DNAUgase, Z5 pi of 
10 siM spennidinei and 125 pi of water were added to fte 
DVA. The resulting ligation reaction was incobated at 4"* C 
overnight After the ligation reaction* the xeaction mixtixre 
was adjusted to have the oon^Msition of hi^-aalt buffer 
(0.1MNaa;a05MT3ds-HapH7J; laOmMMgda'.and 
1 mM OTT). About 10 pi (100 units) of icstritction enzyme 
Xhol were added to the mixtnre, and the resulting reaction 
was incubated at 37" C for 2 hours, 

the reaction was tominated, and the Xhol-digested DNA 
was pztC^itated, resuspended, and Hgated as deso ihr d 
above, except that no Xhcl linkcn were added to the ligation 
mixture. Hie ligated DNA constimted the desired plasmid 
' plCC283FX. A restticdon site and f^inction map of plasmid 
pKC283FX is presented in HG. 14 of the accompanying 
drawings. 

£: caff K12 MO(X*), avaiUhle feom the NRRL under ihe 
accession number NICRL B-15993, conqdsea the wild^ 
I^ t^Mji pL cl repressor gene* so that transcription firam tfae 
lamlxia pL promoter does not occur in J& cdi K12 MC^X*^ 
rr^h , ^»ng^#> colonies of K coU SU2 MO(k^ are isol^ed, 
and a 10 ml ovcmi^t dilture of the cells is prepared; no 
iTnpgHiHn is uscd id tho gTQWth media. Hi^ pi of the 
oversight Culture were used to inoculate 5 ml of L broth, 
which also contained 10 mM MgS04 and 10 mM Mgds. 
The culture was incobated at 37^ C ovemigju with ^goroos 
shaking. The following morning, the culture was diluted to 
200 ml with L broth containing 10 mM MgS04 and 10 mM 
MgOj- The diluted culture was incubated at 37* C with 
vigoToos shaking ontil the 0J3^ was about 0.5, which 
indicated a cell densi^ of about 1x10* cdls/ml. The culmre 
was cooled for ten minutes in an ice-water bath, and the cells 
were tfien collerfrrt by centtifiigadon at 40COxg for 10 
minutes at 4^ C The cell peUet was resuspended in 100 ml 
of cold 10 mM NaO and then immediately re-pdleted by 
centrifugation. The cell pellet was resuspended in 100 ml of 
30 mM CaOa and incubated on ice for 20 minutes. 

Tlie cells woe again collected by centrifugation and 
resuspended in 10 ml of 30mM CaOo. A one-half ml aUquot 
of the cells was added to the ligated DKA prepared above; 
the DNA had been made 30 mM in Cadj. The ccU-DNA 
mixture was incubated on ice for one hour, heat-shocked at 
42* C for 90 seconds, and then chilled on ice for about two 
minutes. The cell-DKAmismire was dilutedinto 10 ml of LB 
media in 125 ml flasks and incubated at 37* C for one houn 
One hundred pi aliquots were plated on L-agar plates 
containing ampidllin and incubated at 37* C untU colonies 
appeared. 
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Tlie colonies wetelndividuall/ cutosred, and the plasmid 
DNA of the individual colonies was ccamined by rcstdctipn 
enzyme anal/sis and gd electrophoresis. Flasndd DNA 
isolkioxi was pafonued on a smaller scale in accordance 
with the procedure of EcanopleS, but the CsQ gradient step 
was oimlted ontil the desired E. coll £12 MO(X'0/ 
pKC2S3FX txansfonnants were Identified. A restriction site 
and fbnction map of plassxid pKC2S3PX is presented in 
FIG. 14 of the accompanying drawings. 

Ten )ig of piasmidpKC283FX BKA were dissolved in 20 
pi of lOx higjx-salt buffer, 20 fd 1 ngtal BSA, 5 |d (-50 
units) of restxicdon enzyme 5 pi (-50 units) of 
restricdon enzyme Xhol, and 150 pi of watex; and Oie 
resulting reaction was incubated at 37<* Clbr two hours. The 
reaction was stopped; the BgEC-Xhd digested DNA was 
precipitated; and the DNA was resuspended in 5 pi of TB 
bttffpT. 

A DNA linker with single-stcanded DNA ends character- ' 
.istic of Bgin and Xhd restricdon enzyme cleavage was 
synthesized using an automated DNA synthesizer and 
Irinased as described in Bxantple 6A. The DNA linker had 
the following stmcture: 



^'-ATAA^raAGrTJ^aAIrTaAOC^-^3' 

The linker and BglH-lXhoI-digested plasmid pKC283FX 
were ligated in substantial accordance with the ligatlopro- 
procednre described above. The ligated DNA constituted die 
desired plasmid pKC283^ A restricdon site and function 
map of plasmid pKC2S3-L is presented in FIO. 14 of the 
accoxDpanying drawings. The plasmid pKC2S3-L DNA was 
used to transfomi K eoU K112 MO(3l'0« and the resulting R 
eoU K12 MO(^'04>KC283-L transf oxmants were identified - 
by their anqdcOlin-resistant phenotype and by restricdon 
enzyme analy^ of Ihezr plasmid DNA. 

About 10 pg of plasmid pKC2S3-L DNA were dissolved 
in 20 pi 1 lOx high-salt buffer, 20 pi 1 mgi^mlBSA, 5 pi (-50 
units) restriction enzyme XhoI» and 155 pi of H^O, and the 
resulting reaction was incubated at 37* C. for two hours. The 
Xhd-dlgested plasmid pKC2S3-L iDNA was then precipi- 
tated and resuspeaded in 2 pi lOx nick-transladon buffer 
(CSMTHs-Ha pa-7.2; 0.1M MgS04; and 1 mM Dm), 1 
pi of a solution 2 mM in each of the deoocynudeotide 
triphosphates, 13 pi of HjO, 1 pi (-6 pnits as defined by P-L 
Biochemicals) of Slenow, and 1 pi of 1 mgAnl BSA. Hie 
resulthig reaction was incubated at 25* C for 30 mhmtes; 
die reaction was stopped by incubating the sdurion at 70" C 
for fi.ve minutes. 

BamHI (5-CGGGArCCCG-3^ were Idnased and 
ligated to the Xhol-digested, Klenow-treated plasmid 
pKC2S3-L DNA in substantial accordance with the linker 
ligation procedures desoibed above. After die ligation 
reaction, die DNA was dgested with about 100 units of 
BamHI for about 2 hours at 37" C hi high-salt buffet After 
the BamHC digestion, die DNA was prepared for ligation, 
and the -5.9 kb BamEIrestriction firagment was circularized 
by Ugation and ttansformed into £: coli K12 MCXK) in 
substantial accordance widi die procedures described above. 
ThcK coU KU MCXXT4>KC2a3-lJa transformaats were 
identified, and dien, plasmid pKC283-LB DNA was pre- 
pared from the traasformants in substantial accordance with 
die procedure of Example 3. A restriction rite' and ftmction 
mag of plasmid piCC2S3-LB is presented in FIQ. 14 of the 
accompanying ^awings. 

About 10 pg of plasmid pKC283EX were digested witii 
restriction enzyme Sail in high-salt buffer, treated with 
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Klenow, aird ligated to BcoRI lioJcexs (i*- 
GAGGAAnCCrC-3') in substasdal accardoncc with the 
pcocednres descctbed above. Afier diigesdoa with testncdon 
cQzyntB EcoRI, which results in the excision of -21 Id) of 
DNAt the "4.0 Icfo EcoKC lestziction fragment was dzcolar- 
ized by ligation to yield plaionid pICC283FRS. The ligated 
DNA was used to transf om £1 coli ECU M0(^, and after 
the £. coiZ £12 MO(X'0/pKC^FRS transfoixnaats were 
identified, piasmid pKC2Z3iPBS DNA was piepared from 
the transfionnants in substantial accordance with the proce- 
dure of Escan^ 3. A restriction site and fhnction map of 
plasznid pKC283PRS is presented in FIG. U of the accom* 
panying dracwii^s. 

About 10 Mg of piasmid pKC283PKS were digested hi 
200 )il of hi^-salt buffer with about 20 units each of 
restriction enzymes PsH and SphL After incubating the 
reaction at 37" C for about 2 hours, the reaction mtdnre was 
electrophoresed on a 0.6% low-g^ing-ten^ecamre agarose 
(FMC Corporation, Z^larine CoUoids Division, Roddand, 
Me. 04841) gel for 2-3 hours at -130 V and -IS mA in 
TYis-Acetate bi^cx: 

The gel was stained in a dilute solution of ethidium- 
faromide, and the band of DKA constitating the -0.85 Icb 
Fstl-SpUC restriction fragment, which was visualized with 
long-wave UV light, was cut from the gd hx a small 
segment The volume of the segment was determined by 
wd^t and density of the segment, and an equal volume of 
10 mM Tds-HCl, pH 7^, was added to the tube containing 
the segment Ihe segment was then melted by incubation at 
72** C About 1 ug of the -^85 Icb Fstl^phl restriction 
fragment of piasmid pKC283FRS was obtained in a volume 
of about 100 pL ]b an analogous manner, piasmid pKC283- 
LB was digested with restriction enzymes PstI and Spfali and 
the resulting -3.0 kb restdction fragment was isolated by 
agarose gel dectrcphoresis and prepared for ligation. 

The -0.85 Icb Fstl-Sphl restriction fragment of piasmid 
pKC283FE(5 was ligated to the -3.0 Id) Pstl-SphI restriction 
fragment of piasmid pKC283-LB. The ligated DNA consti- 
tuted the desired piasmid pL32. A iristdction site and Amo- 
tion map of piasmid pL32 is presented in FIO. 14 of tihe 
accompanying drawings, Fla^dd pL32 was tcansfnrmed 
into E. eoU K32 MCKA**) cells; piasmid pL32 DNA was 
prepared from the £ coU K12 MO(V7^EiL32 transfomiants 
in substantid accordance with the procedure of Example 3. 
Analysis of the piasmid pL32 DNA demonstrated that more 
ttian one EcoRI linker attached to the Klenow-treated, Sail 
ends of piasmid pKC283FX. The presence of more than one 
EcoRI itniTM- does not affect the udQity of piasmid pL32 or 
dedvadves of piasmid pL32 and can be detected by the 
presence of an Xhol restxicdon dte, wMch is generated 
whenever two of the EcoRI linkers are Ugated togethet 

Piasmid pCClOl la disclosed in Example 3 of U.S. patent 
q^pUcation Se& No. 586481, filed 6 Mar. 1984, attorney 
docket number X-5872A, incorporated herehi by reference. 
A restdction site and iunction map of piasmid pCClOl is 
fcesented in FIG. 14 of the accompanying drawings. To 
isolate the £K*BGH-^encoding DNA, about 10 pg of plaamid 
pCClOl were digested in 200 pi of high-salt buffer contain- 
ing about 50 eadK of restriction enzymes Xbal and 
BanoHL The digestion products were s^axated by agarose 
gd electrophoresis, and the -0.6kbXbaI-BamHIicstriction 
fragment which encodes EK-BGH was isolated from the gd 
and prepared for ligation. 

Piasmid pL32 was also digested with restricdon enzymes 
Xbal and BamHI, and the -3.9 kb restriction fragment was 
isolated and prepared for ligadon. The -3.9 kb Xbal-BaHI 
restricdon fragment of piasmid pL32 was Ugated to the -0.6 
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ld> Xbal-BamHI rcstdctioa fiagmeat of plasmid pCClOl to 
yield plaaaid pL47. A icstticdoa site and ftmcdon map of 
piasxnid pL47 is presented in HO. 14 of the accompanying 
drawings, Plasmid pL47 was transfonncd into E coii K12 
MOO^^ and the £ coU K12 MQ0CV^7 transfonnants 
were identified. Plasmid pU7 DNA was prepared ficom the 
transfcBsants in substantial accordance with the procedures 

of Example 3* 

Flaandd pPUH coo^cises the temperatnre-sensitive pL 
repressor gene cZS57 and the plasmid pBR322 tetracydine 
zesistance-conf etxing gene. Plasmid pPRU is disdosed md 
claimediaU^Pat No. 4,436.815, issued 13 Man 1984. A 
xcstriction site and ftinction map of plasmid pP!U2 is 
presented in FIG. 14 of the accon^anying drawings. 

About 10 ug of plasmid pPR12 were digested with about 
30 units of restriction enzyme Eccittin 200 (il of high-salt 
buffer at 37" C for two houa. The EcoRl-digcsted plasmid 
pPR12 DNA was precipitated and then treated with Klcnow 
in sttbstandal accordance with the procedure described 
above. After the Klenow reaction, the EooRI-digcsted, 
Klenow-teated plasmid pPR12 DNA waa redicolaiized by 
ligation, and the Ugated DNA, which constituted the desired 
plasmid pERmRl, was used to teansfonn £ coU Ki2 
RV308 (NRIO- B-156l24); transfamants were selected 
based on tetracycline (10 i^tol) resistance. After the E. eoU 
K12RV308/pER12ARl transftnniants woe identified, plas- 
mid pPR12ARl DNA was prq>arcd from tho transfonnants 
in substantial accordance with the procedure of Example 3, 
About 10 (ig of plasmid pER12ARl were digested with 
about 30 units of restricdon enzyme Aval in 200 jd of 
xacdimn-salt buffer at 3T C for 2 houn. The Aval-digested 
plasmid pFR12ARl DNA was precipitated and then treated 

withEIenow. After the Klcnow rtactlon, the Aval-digested, 
Klcnow-treatcd plasmid pPRmRl DNA was ligated to 
EcoRl linkers (5*^AGGAArTCCrC-3'), precipitated, 
lesuspended in about 200 jd of high-saU buffer containing 
about 50 units of restdEcdcn en27mc EcoRl , and incubated 
at 37« C for about 2 hours. After the EcoRl digestion, flic 
Tcacdon mixture was loaded onto a low-mcldng agaroscgc^ 
. and the -3.1 kb EcoRl restriction ftagmcnt was punfied 
item tho ga and^dicnlatized by l^Bf^io^ ^jg^^^^f 
desired pUsmid pPR12ARl. The plasmid pPR12ARl DNA 
was trmsfWd into £ coli K12 RV308; selection of 
tiansf ccmants was based on tetracycline resistance, Plasmid 
PFR12AR1 DNA was prctarcd from the transformaate in 
substantial accordance with the procedure <rf 3. A 

restriction site and ftmction map of plasmid pPRIZARl is 
presented hi HQ 14 of the accompanying drawings. 

About 10 ^g of plasmid pPRUARl DNA were suspended 
in about 200 ml of M^-salt buffer containing about 50 units 
eadi of restriction enzymes PstI and EcoRI, and die- diges- 
tion reacdon was incubated at 37" C for about 2 hours. The 
reaction mixturo waa then loaded onto an agarose gel, and 
the -Z9 kb Pstl-EcoRl restriction fragment of plasmid 
pPR12ARl was isolated and prq)ared for ligation. 

About 10 ufl <i plasmid pL47 were digested with restnc- 
tion enzymes PstI and BamHI in 200 ul of Wgh-salt buffer 
at37« C for two hours. The Pstt-BamHI^gcsted DNA was 
loaded onto an agarose gel, and the -2.7 kb PstT-BamHI 
rcstricdon fragment that comprised die ongin of rqjiication 
and a portion of the an^icillia rcsistance-confcmng gene 
was isolated and jffcpatcd for ligation. Inasqjarateieactio^^ 

about 10 ug of ptomid pU7 I^^A w« dig«ted^ 
rcstricdon enzymes EcoRlandBamm hi 200 u^irf^^^ 
buffer at 37* C for two hours, and the -1.03 kb ficoKi- 
BamHI restriction fragment that comprised the lambda pL 
transcription activating scquence^ .thc £. coU Ipp translaUon 
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activating sequence, and the E£-BGH-eacoding DNA was 
isolated and ptepmd for ligation. " 

The -2.7 kb Pstl-BaxnHI and -LQ3 Id) EcdRI-BamEI 
lestdcdon fragments of piasmid pL47 were ligated to the 
-2.9 Fstl-EcoRI restdction fragment of piasmid 
pFR12ARI to construct piasmid pLllO, and the ligated 
DNA was osed to transfonn£: eaU K12 RV308.. Tetxac^ 
dine resistance was used as the basis for selecting transfoF- 
mants. 

TWo PstI restdction enzyme tecngnitfon sites are present 
in the E&BGH coding zc^on that are not depicted in the 
lestiiction sits and fkmction ma^s presented in the accom- 
panying drawings. A restzicdon site and frinction map of 
piasmid pLllO is presented in FIG. 14 of the accoxxivanying 
drawings. 

^ Final CoostnictiQn of Flasmid pBW32 

Appratanatdy 10 ug of piasmid pSV2-P-gLobin DNA 
(NRRL B-15928) were dissolved hi 10 jd lOx HinriTTT 
leaction buffer, S pi (-50 units) restdction enzyme HTndTTT , 
and 85 pi H2O, and the zeacdoa was placed at 37^ C for 2 
horns. The reaction mixture ^is then made 0.15 M in liO, 
and after the addition of 2.5 Tolmxies of ethanol and inqi* 
bation in a dry ice-cthanol bath, the DNA was pdleted by 
oentzifiigation. 

The DNA pellet was dissolved in 10 pi lOx BglH buffo; 
5 pi (-50 units) restricdon eszyms BgllC and 85 pi H^O, and 
the reaction was placed at 37** C for two hours. After die 
BgUI digestion, the reacdon mixtare was loaded onto a 
0.85% agarose gel, and the fragments were separated by 
dectrpphoresia. The gd was visualized using ethidiuin bro- 
mide and ultraviolet light, and the band containing the 
desired -4^ kb FQndlZI-BglXI fragment was excised from 
the gd as prcvioualy described. The pellet was rcsuspended 
in 10 pi of H2O and constituted -5 pg of the desired -4.2 kh 
Hlndin-Bgin restricdon fragment of piasmid pSV2-p^ 
gLobln. The -2.0 kb BindZn-BamHl restricdon fragment of 
piasmid pTPAlOB that encodes TPA was isolated from 
piasmid pTPAlCQ in substantial ac cor da n ce with the fore- 
going t^irhi'wg. About 5 pg of tho -2.0 kb HindlH-BamHI 
restricdon fragment of piasmid pVPAVB were obtained; 
suspended in 10 pi of HjO, and stored at -20* C 

Two pi of die -42 kb Bgl2Z*HindIII restricdon fragment 
of piasmid pSV2- ^glofain and 4 pi of the -2.0 kb Hhidm- 
BamHl fragment of jrilasmid pTTEAlOS were mixed together 
and then incut^d with 2 pi of lOx Hgase buffer, 11 pi of 
HaO, and 1 pi of T4 DNA ligase (-500 units) at 4' C. 
overnight The ligated DNAconstituted the desired piasmid 
I^PASOl; a restriction site and fimcdon map of die piasmid 
is presented in FIG. 14 of the accos^anying drawings. The 
ligated DNA was used to transform £ co« K12 3RR1 cells 
(NRHL B-15210) made competent for transfoanation in 
Mb5tantial accordance with the teaching of Example 3. 
Piasmid DNA was obtained, from the £ coU K12 RRl/ 
jnrPA301 transfbtmants in substantial accordance wiih the 
procedure of Example 3. 

Piasmid pSV2-dhfr con^rises a dihydrofalate reductase 
(dhfr) gene uscfld for sdcction of transformed cukaryodc 
cells and an5»lificarion of DNA covalcndy linked to the dhfr 
gene. Ten pg of piasmid pSV2-dhfr isolated from E, coU 
BU2 HB101/pSV2-dhfr, ATCC 37146) were mixed with 10 
pi lOx PvuH buffer, 2 pi (-20 units) PvuH restricdon 
enzyme, and 88 pi of HaO, and the resulting reacdon was 
incubated at 37" C for two hours. The reacdon was termi- 
nated by phenol and chloroform extracdons, and dicn, the 
PvuH-digcsted piasmid pSV2-dhfr DNA was prcc^itated 
and collected by centtifrigadon. 

BamHI linkers (5-CGGArCCCG-3*) were kinased and 
prepared foe ligadon by the foUowlng procedure To I pg of 
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linkalnS pi HaOwaa added; 10 ^l^xlGaase al ts (300 mM 
TUs-HO, pE=t7^; 50 mM MgO,; and 25 mM DTT). 5 |d 
of 5 mM ATP, 5 |d cf BSA (1 mg^, 5 pi of 10 mM 
spcnnidine, 19 )d of H^O, and 1 pi of polynudcodde Kinase 
(10 unxts^^). Tlxis xeactfctt was then incobated at 37*> for 60 
mfnnfftt and stored at -20" C Five pi (-5 pg} of the 
PvoE-digested pla5midpSV2-dhfr and 12 pi (-25 pg) of the 
kinasedBamHIlittkers were mixed and incubated with 11 pL 
of HjO, 2 pi lOx ligase boflo; and 1 pi (-1000 units) of T4 
DNA Hgaae at 16<> C ovonight 

Ten pi of lOx BamHI reaction buffet; 10 pi (-50 units) of 
BamHIxestcctloa enzyme, and 48 pi of H2O were added to 
the ligation leactioa mixtme, which was then incnbated at 
37* C for 3 hours. The zeaetion was loaded onto a i% 
agarose gel, and the desired -L9 kb fragment, which com- 
prises the dfafir gene, was isolated ton the geL AH linker 
additions performed in diese examples were routinely puri- 
fied on an agarose gel to reduce the IQcelihood of nmMple 
linker sequences in the final vectot The -3 pg of fragment 
obtained were suspended in 10 pi of TE buffer. 

Nest, qjpraxzmately 15 pi (-1 pg) of plasmid pfrPA301 
were digested with BamHX restdcton en^me as taught 
above. Because there b a unique BamHT site in plasmid 
FTPA301, this BamHI digestion generates linear plasmid 
pTPA301 DNA. The BamHI-digested plasmid pTPA301 
was precipitated with ethanol and resuspended in 94 pi of 
H2O and phosphatased using 1 pi of Calf-Intestinal Alkaline 
pho^hatase (Collaborative Research, Ihc, 12S Spring 
Street, Lexington, Mass. 02173), and 5 pi of IM Tds-HCl 
pl£:s9.0, at 6S** C for 45 min. The DNA was extracted with 
phenoLcfalerofocm, then extracted with diloroformdsoamyl 
ftlcphoL ethane! precipitated, and resuspended in 20 pi HjO. 
Ten pi (-0.25 pg) of phosphatased plasmid pTPA301 were 
added to 5 pi of the BamHI, dhfr*gene-containing xcstdction 
fragment (-U pg), 3 pi of lOx ligase buffer, 3 pi (^1500 
units) of T4 DNAligase, and 9 pi H3O. This ligation xeactioa 
was incubated at 15** C ovendghr, the Ugated DKA consti- 
tuted the desir&d plasmid paPA303 DNA. 

Plasmid p'rPA303 was used to transform E. eoU K12 RRl 
(NRSL B-15210), and the xesuMng E. coU X12 RRl/ 
prrBA303 transfccmants were identified by their amplcfflm- 
resistant phenotype and by restriction enzyme analysis of 
their plasmid DNA. Plasmid pT^\303 was isolated from the 
tcansfotmants in substantial accoxdance with the procedure 
of Kxample 3. 

To isolate the -Z7 kb EccRI-BgUI restriction fragment 
that encodes the pBR322 replicon and ^lactamase gene 
from plasmid pTPA301, about 10 pg of plasmid pTTPASOl 
are digested to completion in 400 pi total reaction volume 
with 20 units Bqin restriction eaayme in Ix BglH buffer at 
37** C After the Bgin digestion, the Ttis-HQ concentration 
is adjusted to 110 mM, and 20 units of EcoRI restriction 
en^me are added to the BgHI-dlgested DNA. The HcoRI- 
BglH-digested DNA is loaded onto an agarose gel and 
electr<:{)horesed until the -2.7 kb EcoRI-BgOI restriction 
fragment is separated from the other digestion producti and 
then, die -2.7 kb fragment is isolated and prepared for 
ligation. 

To isolate a restrictian fragment that comprises the dhfr 
gene, plasmid pTPA3Q3 was double-digested with HinriTTT 
and EcoRI restiictioa enzymes, and the —2340 bp EcoR^ 
mwrfTTT restriction fragmuit that comprises the dhfr gene 
was isolated and recovered. 

To isolate the -2 kb Blndlll-Sstl restriction fragment of 
plasmid pTPA303 that ooxiqjrises the coding region for the 
carboxy-texminus of TPA and the SV40 promoter, plasmid 
pTPA3Q3 was double digested with HinrfTTI and SstI restxic- 
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don enzymes in lxBin(flIXbaire&Tlie--L7kbftagmeatwas 
isolated fiom the gel aztd prepazed for ligadon. 

To isolate the -^80 bp XhoII (canvpatible for ligation with 
the BgiH ovedap)-S8tX lestxicdoa fragment of plasmid 
pBW28 that compdses the coding region for the amino 
twmini» of modified TPA, about 10 n ^ pl^smid pBW28 
were digested with XhoH enzyme to complin in Ix XhoS 
buffer (aiM Tiis-HCU p»»8.0; aiM MgQa; 0.1% Tiitoa 
X-100; and 1 mgM BSA). Hie 3Cho2I-digestcd DNA was 
recovered by ethanol predpitatioii and sobscqnently 
digested to conqilctioa with SstI enzyme;. The XhoH-Sstt 
digested DNA was loaded onto an acrylamide gel, and the 
desired fragment was isolated from the gel and prepaied for 
ligation. 

About 0-1 Jig of each of the above fragments: the -2,7 kb 
EcoRI-BgDi restriction fragmeat of plasmid pTPA301; the 
kb EcoRI-Hindm rcstricdoa fragment of plasmid 
pTPA303; the -L7 kb SsH-ffindlll restriction fragment of 
plasmid pTEASOB; and the -0.68 kb Sstl-XhoE restriction 
fragment of plasmid pBW28 were ligated together to form 
plasmid pBW32, TTie ligation mix was used to transfann Z 
CPU Kn MM294 as taught in Exan^lc 2, except that 50 mM 
OOj was used in the procedure, Xansformants were idea- 
tiflcd by their ampidDin-resistant pheaoiype and by lestdc- 
don analysis of their plaanid DNA. Plasmid pBW32 DNA 
was obtained from ttiei:coaK12MM294;i?BW32 trans, 
fonnants in* substantial accordance with the procedure of 
Example 3. A restriction site and flmction m^ of plasmid 
piBW32 is presented in FIG. 14 of the accompanying draw- 
ings. 

EXAMPLE U 

Construction of Plasmids pLPChdl, pLPChd2, 
LPCdhfrl and UPCdhfr2 

A. Construction of Plasmids pLPChdl and pLPChd2 
About 20 ytg of plasmid pDW32 in 20 jU of TEbuffcr were 
added to 10 pi of lOx BamHI buffer and 60 of HaO. About 
10 pi (-50 units) of restriction enzyme BamHI were added 
to the solution of plasmid pBW32 DNA, and die resulting 
reaction was iacubatcd at 37» C for two hours. The BamHt 
digested pUsmid i©W32 DNA was precipitated widi 
edianol, collected by centrifugation, andrcsuspendedhi 5 jd 
of lOx ELcnow buffer, 45 jd of H,0, and 2 pi (-100 uatiu) 
of iQeno w enzyme. The reaction was incubated at 16* C for 
30 minutes; diea, die reaction mixmrc was loaded onto an 
agarose gel and elcctrophoresed until die digestion products 
wcxc cleariy scparated.The -1.9 kb Klencw-treaied, BamHI 
restriction fragment of plasmid pBW32 that comprises tiic 
dhfr gene was isolated from the gel and prepared for ligation 
in substantial accordance with die procedure of Example 
4A. About 4 pg of die desired fragment were obtained and 
sua>ended in 5 pi of TE buffer; 

About 200 pgofplasmidpIKlyglin lOOld ofTC^^^ 
were added to 15 plof 10xEc6IUbuffcrand30plof 
About 5 pi (-50 units) of restriction enzyme EcoRI were 
added to die solution of plasmid pLPChygl DNA, and fee 
resulting reaction Was incubated at 37« C for about 10 
minutes. Tlie short reaction time was calculated to produce 
a partial EcdU digestion. Plasmid pUOygl has two 
E(iRI restriction rites, one of which is witiiin the wding 
sequence of die hygromycin rcsistance-confcmng (HmR) 
gene, and it was dcrircd to insert die dhfr-geac-contamiag 
restriction fragment into* die EcoRI site of plasmd 
pLPChygl diatis notindic HmRgcacThepartiaUy-EcoKE. 
digested plasmid pLPChygl DNA was loaded onto an 
agarose gel and clectrophcccsed until die singly-cut plasimd 
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pLPChygl DNA was sepanted from imcat plasmid DNA 
and the other digestioa ptochicts. Tlie singly-cat DKA was 
isolatedfrom the gd aodpr^aredfor ligation in sobscandal 
acootdance with the procedure of Example 4A. About 2 pg 
of the aingty-EcoRl-cat plasmid pUOygl were obtained 
and suspended hi 25 }d of TE buffet To this sample, about 
5 pi (-23 units) of KIcnow enzyme, 5 pi of lOx Klenow 
buffer, and 40 pi of E^O wete added, and the resulting 
rcacdon was hicubated at 16** C for 60 minutes. The 
Klenow-lreatcd, partiafly-EcoRMigestcd DNA was then 
extracted twice with phenol and then once with chlorofotm, 
precipitated with efhanol, and resuspended in 23 pi of IE 
Iwffeit 

About5plofthc-L9kbKIenaw-treatedBazhHCrestiic- • 
tlon fiagmcat of plasmid pB'W32 and about 5 pi of the 
aingly-EcoRI-cut plasmid pLPChygl DNA were mixed 
together, and 1 pi of lOx ligase buffet; 3 pi of HjO, I pi 
(-300 units) of T4 DNAUgasc, and 1 pi (-2 units) of T4 
KNA ligase wto added to the mixture of DNA» and the 
resolthig reaction was incubated at 16» C oveiinght. The 
ligated DNA constituted the desired plasmids pLPChdl and 
pUP(3«12, whidi differ only witfi respect to the orientation 
of the -L9 Id) fragment^ conpises the dhfr gene. 

The ligated DNA was used to transfcm £ eoU K12 
HBlOl ceils made competent for transformation in substan- 
tial accordance with the procedure of Example 2. The 
ttansfcaoned cdls were j^d onto L agar containing 100 
pg/inl ""pg^i^n, and the ampidllin-resistant transfonnants 
were analyzed by lestiicdon enzyme analysis of their plas- 
mid DNA to identify the E. eoU iC12 HBlOl^pLEOdl and 
£LcoifKnHB101/pU>Chd2tcansfotcoats.Arestrfctionsite 
and fhnction map of plasmid pLPChdl is presented in HG. 
15 of flie acconqjan^bg drawings. Itemid pLEOdl and 
plasmid pLPOidl DNA were isolated from the appropriate 
♦^.irfnrtT,^n»< in substatttial accordance with die procedure 
of Example 3. 

Plasmids pUOd3 and pLPOxd* are similar to structure 
to plasmids tiiOdl aadpLP(3id2. Plasmids pUPChdS and 
pU?Chd4 are constructed in substantial accordance with the 
procedure used to construct plasmids pUOdl and 
pLPChd2, except plasmid pUPChyg2 is '"fd^«Jt«^ 
material in the procedure ratixer than plasna,dpI£C^^ 

B. Constraction of Plasmids pLPCdlAI and pLPMifr2 

About 100 pg of plasmid pBW32 in 100 Ijl ^'I^ baff« 
were added to 13 id of 1 Ox BamHI buffer and 25 pi of HaO, 
About 10 pi (-25 units) of restriction enzyme BamHI w«e 
added to the solution of plasmid pBW32 DNA. and the 
resulting reaction was incubated at 37* C for 2 hours. TTic 
BamfflSiigested plasmid pBW32 DNA waa tcc^d with 
KIcnow in substantial accordance with the procedme in 
Example llA Tlie Wnnfr^d fragment was preapilated 
with rthanoUiesuspendcd in 10 pi of TB buffer, loadal onto 
an agarose gd, and dectrophorescd until the -1.9 kb BamHI 
rest^on fragment that conqaiscs the dihydrofolate rcduc- 
tase gene was separated from the other digestion ^cts. 
Tlie -L9 kb restriction fragment was then isolated from ttie 
gd and preparcdfcr ligation in substantial accordance with 

me procedure of Example 4A; about 10 pg of ^^^^ 
frament were obtained and suspended in 30 pi ombitffcL 
AboutS ulof NdcI-StuI-digestcd plasmid pLPCDNA, as 
prepared in Example 9, were added to 3 pi of the He^- 
tecated, -L9 kb BamHI restriction fragnoent of^Pja^d 
SwilijdoflOxUgaseta^^^ 
DNA Ugase, 1 pi (-2 units) of T4 RNA Hgasc and L5 ^ of 
R,0. The resulting ligation reaction was incubated at lo t.. 
overnight; the Hgated DNA constituted the desired plasmids 
pLPcSfrl and pUPCdh62, which differ only with respect 
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to the odeiitatloa of the -L9 kb ftagment that contaias the 
dh&gen&TlieUgatedDNAwuuiedtotnmsfom£ coS 
K22 HBlOl in substantial accordance with the pcocedure of 
ExAxispie Z. The tcansfbnned cells were plated onto L agar 
containing ampfrnHn, and the an^iidlliii-xcsistant E, coS 
K22 HBlOl^^sLPCdhfirl and£: eo/T Ki2 HBIOlV^LFCdh&Z 
transfocmants wexe identifLed by lestriction enzyme analysis 
of their plasmtd DNA. 

EXAMPLE 12 

Constnxction of Plamrdrt phd 

To constnictplasmidphd, it was necessaiy to prepare the 
plasmid pLFChdl DNA, used as stardng matodal in the 
construction of plasmid phd, toaiE, coli host ceils that lack 
an a^** :!! ?^ mcthylasc, such as that encoded by the dam gene, 
die product of which metfaylates the adenine residue in the 
sequence J-GATC-J £ ceU K12 GM48 (^CRRL B-15725) 
lades a fimctional dam nxifaylase and so is a suitable host to 
use for the pnzpose of preparing plasmid pLPChdl DNAfor 
use as starting Tw^tw^nl Iq the constmctian of plasmid phd. 

£L eoU K12 GM48 were cultured and made con^ 
tent for transfoonatiott, andplasmid pLPC3iygI was used to 
transfonn the E. coU K12 C3^48 cells in substantial accop* 
dance with -the procedure of Example 2* Hie transformrd 
ra»itit were pla tH on L agar contaising ampj^^iw^ and once 
the azt^idllin-resistant, £1 cdi GM4S/pLPQidl tcans- 
fbmotants had fonned cblouies, one such colony was used to 
prepare plasmid pUPGhdl DNA in substantial acccrdance 
with the procedure of Example 3. About 1 mg of plasmid 
pLPChdl DKA was obtained and suspended in about 1 ml 
ofTB buffer. 

About 2 )ig of plasmidpUPChdl DKAln 2pl of IB buffer 
woe added to 2 pi of lOx Bdl buffer (750 mM ^^60 mM 
THs-HO, pa»7.4; 100 mM MgCa^; 10 mM DTT and 1 
mfi/mlBSA) and 14 pi of HjO. About 2 }d (-10 units) of 
restriction enzyme BcQ were added to the solution of 
plasmid pLFChdl DNA. and the resulting reaction was 
incubated at 50^ C. for two hours. The reaction was stopped 
by extracting the mixture once with phenol and twice with 
chloxofonzL 

About 1 of the Bdl-digested plasmid pLPQidl DNA 
was added to 1 pi of lOxligase buffet; S pi of H3O and 1 pi 
(-500 units) of T4 DNA ligase. The ligation reaction was 
incubated at C overnight, and the ligated DNA consti* 
tuted the desxred plasmid phd. Plasmid phd results from the 
deletion of the extra BcQ linkers that attarhcd during the 
constructiott of plasmid pLPcat and the two adjacent BcS 
restriction fcagments of a total size of about 1.45 kb from 
pijwmiM piPQidl. A restdcttoa site and fhnction m^ of 
plasmid phd is presented in FIG. 1^ of the accompanying 
drawings. Plasmid phd facilitates the expression of any 
DNA sequence from the BS virus enhancer-adenovirus late 
promoter of the present invention* because the DNA to be 
expressed can be rcadHy inserted in the correct position for 
expression at the single BcII site on plasmid phd. 

The Egated DNA was used to transform £1 cod K12 
GM48 in substantial accordance with Use pro ce dure of 
Exanqjle 2. The transfoimed cells were plated on L agar 
containing am ptrilHn, and the anpicillin-reslstant £L coU 
K12 C^48/phd ttansfcrmants were identified by restriction 
enzyme analysis of their plasmid DNA. 

pjasmids analogous to plasmid phd can be constructed in 
substantial accordance with the foregoing procedure for 
constructing plasmid phd using any of plasmids pLPChd2, 
pLPOidS, or pLJPChd4 as starting material rather than 
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plasmid pLPQidL These aoalagous plasnids difTer froxa 
plaamid phd only with respect to the orientation of the 
hygcon^cin icsistanc&-coQfcning and/or d&fi: genes. 

Constmction of Easmid pLPGSlA 

To isolate the ElA gene of adenovirus 2 DNA, about 20 
pg of adenovirus 2 DNA (from BRL) were dissolved in 10 
Ml of lOx Ban buffer (100 mM Tds-Hd, pHa7.6; 120 oM 
MgCl^ 100 mM 2-mercaptoethanQl; and 1 vagfai BSA) and 
80 ixl of BiO. About 10 pi (about 20 units) of restriction 
enzyme BaQ were added to the solution of adenovirus 2 
PKAt and the resulting rcactibn was hcubated at 37"* C for 
two houn. The Ball-digested DNA was loaded onto an 
agarose gel and dectrophoresed until the -1.8 Icb restriction 
fragment that cois|irises the ElA gene was separated from 
the other digestion products. The -1.8 Icfo fragment was 
iffolfltcd from the gd and prepared for ligation in substantial 
accordance with the procedure cf Example 4A. AboutS pg 
of the desired fragment was obtained tnd suspended in 20 pi 
of TE buffet; 

About 5 pg of plasmid pLPC in 2 pi of TB buffer were 
added to 2 pi of lOx StuI buffer and 11 pi of HjO. About 2 
pi (-10 units) of restriction enzyme StuI were added to the 
solution of plasmid pLPC and the resulting reaction was 
incubated at 37" C f(H- 2 hours. The Stul-digested plasmid 
pLPC DNA was precipitated with ethanol and resnspended 
in 2 pi of IQxNddbuffcr and 16 pi of H^O. About 2 pi (-10 
units) of restiicdott enzyme Ndd were added to the solution 
of Stul-dlgested plasmid ptPC DNA, and the resulting 
reaction was incubated at 37"* C for 2 hours. 

The Ndd-StuI-digested piasndd pLFC DNA was prec^- 
tated with ethanol and resuspended in 5 pi of lOx Klenow 
buffer and 42 pi of H^O. About 3 pi (-6 units) of Klenow 
en^rme were added to the solution of DNA, and the result- 
ing reaction was incubated at 37" C for 30 Tp^n"*^^ The 
reaction mixture was tiieu loaded onto an agarose gd and 
electrophoresed until the -5.82.kb, Klenow-treated, Ndel- 
StuI restriction fragment was dearly sqiarated from the 
other reaction products. The fragment was isolated from the 
gd and prepared for ligation in substantial accordance with 
the procedure of Hxasqae 4A. About 2 pg of the -5.82 kb, 
Klenow-txeated, NdeX-StuI restriction fragment of plasmid 
pUPC were obtained and suspended in 25 pi of TE buffer 

About 9 pi of the -1.8 Icb Bali restriction fragment of 
adenovirus 2 that encodes the ElA gene and 3 pi of the ^5.82 
kb, Klenow-treated, Ndel-Stad restriction fragtncnt of plas- 
mid pLPC were added to 2 pi of lOx ligase buffer and 4 pi 
of H5O. About 1 pi (-500 units) of T4 DNA ligase and 1 pi 
(-2 uniU) of T4 BNA ligase were added to the sdution of 
DNA, and the resulting reaction was incubated at 16" C 
overnight 

The Egated DNA constituted the desired plasmids 
pLPCElA and pLPCElAl, which differ with respect to the 
orientation of the ££A gene and possibly differ with xcspcrt 
to the Qtpression-enhand&g effect the BK cnhancnr has on 
the ElA gene on the plastnid. Because the ElA promoter is 
located doser to the BK enhancer on plasmid pUPCElA 
than plasmid pLPCElAl, ElA expression may be higher 
when plasmid pIPCElA is used as opposed to plasmid 
pLPCElAl. A restriction site and ftuction map of plasmid 
pLPCElA is presented in PXa 17 of the accompanying 
drawings. 

The ligated DNA was used to transform £1 coli KI2 
HBlOl in substandd accordance with the procedure of 
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Exan^le Z The transfoaned cdb were plated on L aga 
coiitainittg azapidUis, and the anipicilliii-zesistaat transfoc 
nmts were saeesed by zestiidion enr^me analysis of theu 
planaid DNA to identify flic £1 cotf K12 HB 101/pLPCEli^ 
9adKcoaK12 HBlOl/pLPCElAl tiansfonnants. Plasmid 
DNA was obtained fiom the transfoanants for use in latv 
experiments in substantial accordance with the procedure of 
Fjcanyle 3. 

EXAiOBLE 14 
Construction of Plasmid ptBLT 

About 1 Jig of plasmid pBW32 DNA (FIG. 14, Example 
10) in 1 pi of TE buffer was added toZidoi lOx BamHI 
buffer and 15 pi of H^O. About 2 pi (-10 units) of lestdcdon 
enzyme BamHI were added to the soludon of pTamrf^j 
pBW32 DNA, and the resulting reaction was incubated at 
37* C for 2 hours. The reacdon was stopped by first 
Mracting the reaction mixcure with phenol and then csctract- 
ing the reaction mixtnre twice with chlorofocm. About 1 pi 
of the fiamEI*dige3ted plasmid i)BW32 DNA was added to 
1 pi of lOx Hgase buffer and 8 pi of HjO, and after about 1 
pi (-*500 units) of T4 DNAli^e was added to the solution 
of DNA* the resulting reaction was incubated at 16<* C 
overnight 

The ligated DNA constituted the desired plasmid 
pBW32del, which is about 5.6 U> in size and conges a 
single Hindm restriction site. The ligated DNA was used to 
transfonn£ eoU iU2 HBlOl In substantial accordance widi 
the procedure of Example Z The desired E, coii K12 
HB1014)BW32del transfcEmants were identified fay their 
ampicillizfr>resistant resistant phenotypc and by restriction 
enzyme ana^sis of their plasznid DNA Plasmid pBW32del 
DNA was obtained from the trassibnnants for use in sub- 
sequent constructions in substantial accordance with the 
procedure of Example 3. 

About 1 pg of pIasmidpBW32delin 1 pi of TBbufferwas 
addedto2plofl0xHindIII buffer and 15 pi of H3O. About 
2 pi (-10 units) of restriction en^^me Hindm were added to 
the solution of plasmid pBW32del DNA, and the resulting 
xeactiott was incubated at 37* C fcr 2 houn. The sample was 
dQuted to 100 pi with TE buffer and tteated with calf* 
intestinal alkaline phosphatase in substantial accordance 
with the procedure described in Exanqile 2. The reaction 
was extracted twice with phenol dxen once with chlorofomL 
The HindSI-digested plasmid pBW32del DNA was men 
precq)iuted with etbanol and resuspended in 10 pi of H3O. 

Plasmid pBalScat (Example 17) was digested with restdc- 
tion enzyme HInriTTT. and the -0.65 kb Hindni restricdon 
fragment that comprises ' the modified BK enluncer- 
adenovirus 2 late promoter cassette was isolated and pre- 
pared for ligation in substantial accordance with die jvoce- 
dure of Example 5. About 0.1 pg of the -0.65 ib w?TirfrTT 
restriction fra^nent of plasmid pBalScat in 5 pi of TE buffa 
was added to 3 pi of the soludon of HindHZ-digested plasmid 
pBW32dcL About 1 jil (-500 units) of T4 DNA Ugase and 
1 pi of lOx ligase buffer were added to die mixmre of DNA« 
and the resulting reaction was incubated at 16" C overnight 
The ligated DNA constimted die desired plasmid pBU. A 
zestzicdon site and function vaap of plasmid pBIX is pre- 
sented in EKj. 18 of the accon^anying drawings, the 
ligated DNA was used to transform £ coli KI2 HBlOl in 
substantial accordance with the procedure of Bumple Z 
The transformed cells were plated on L agar containing 
axcpicOlln. and the anq)idllin-resistant£. eoii kl2 HBIOU 
pBLT transfocxnaots were identified by restricdon enzyme 
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walyrfs of thek plasmld DNA. Because the -0.63 
Hindtn restxictioii fngment could insert loto Eiadra- 
dlgcstcd plasmid pBW32dcl in either one of two 
orientations, only one of which yield* plasmid pBLT, the 
orieatation of the -0.d5 Us HfndnTrearictioa ftagment had 
to be detexmtned to identify the £ coil K12 HBIOIAjBIT 
teansfonnants. Plasmid pBIT DNA was prepared from the 
ttansformants for txse hi snbseqaent constructiona in snb- 
stantial accordance with the procedure of Exai^ 3. 

££AMFLB15 

Construction of Flasmids pBUliygJU pBUhy^ 
pBlTdhfrl, and pBCTdbftl 

A. Construction .of Hasmids pBVTbygl and pBiny^ 
About 4 |ig of plasmid pBIX DNAin 4 pi of TE buffer 
were added to 2'jil of lOxBamHI buffer and 12 of HjO. 
About 2 la (-10 units) of restriction enzyme "R^ttiTtt 
added to the sotutioa of plasmid pBIX DNA, and the 
resulting reaction was Incubated at 37* C fcr 2 hours. The 
reaction was stopped by ooracting the reaction mfxture first 
with phenol and then with chlorofonn. The BamHI-digcsted 
plasmid pBUT DNA was then prcopitated with cthanol and 
resuspendcd in 2 )ji of TE bnflbx; 

About 10 |ig of plasmid pSV2hyg hi 10 jil of TE buffer 
were added to 10 pi of 1 Ox BamEI buffer an d 75 pi of HjO, 
About 5 pi (-25 units) of restriction enzyme BamHI were 
added to the sotation of plasmid pSV2byg DNA, and the 
resulting reaction was incubated at 37" C for 2 hours. The 
BamHI-digcsted plasmid pSy2hyg DNA was precipitated 
with ethanoi lesuspended in 10 pi of TE buffer, loaded onto 
an agarose gel» and dectrophotesed until the -Z5 kb BamHI 
restriction fragment that comprises the hygromycin 
resistanoe-confeodng gene was separated firam the other 
digestion products, the -2,5 Ub restnction fragment was 
then isolated &am the gel and prepared for ligation in 
substantial accordance with the procedure of Example 4A; 
About 2 pg of the desired fhigment were obtained and 
suspeoded in 10 pi of TE buffer. 

About 2 pi of the BamHI-digested plasmid pBIX DNA 
and 1 pi of the -2,5 kb BamHI restnction fragment of 
plasmid pSV2hyg were added to 1 pi of lOx ligase buffer, 5 
pi of H3O, and 1 pi (-500 units) of T4 DNAligasc, and the 
resulting reaction was incubated at 16" C ovccni^ The 
Ugated DNA constihited the desired plasmids pBLThygl 
and* pBOliygZ A restriction* site* and fUnction map of 
plasmid pBOliygl is presented in FIG. 19 of the accom* - 
pazqring drawings. Hasmids pBUhygl and pBIThyg2 dif- 
fer only with respect to the orientation of the -2,5 lt& B gT^TfT 
restriction fragment that encodes the hygromycin resistanco- 
confoxing gene; 

The ligated DNA was uised to transfoim E, coU K12 
HBlOl in substantial accordance with the procedure of 
Example Z Tlie transformed ceils were plated onto L agar 
eontaiidng ampidllin, and the an^idllin-resistant £. coU 
K12 HBlOl/pBLThygl and £ coU K12 HB10L/pBmyg2 
transfoRDants were identified by restnction enzyme analysis 
of their plasmid DNA* 

B. Constniction of flasmids pBXXdhfirl andpBUdhfi2 

About 100 pg of plasmid pBW32 in 100 pi of TE buffer 
were added to 15 pi of lOx BamHI buffer and 25 pi of HaO. 
About 10 pi (-50 units] of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA, and the 
resulting reaction was incubated at 37' C for 2 hours. The 
BamHI^ested plasmid pBW32 DNA was precipitated 
with ethanol, resuspended in 10 pi of TE buffer, loaded onto 
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an agarose gd, and clcctrophGicsed until the -1^ kb BamHI 
zestrtcdon fiagment that eatapdsca- the difaydrofohte reduc- 
tase gene was separated firom the other digestion products. 
The ^L9 U> restdcdon fragment was then isolated ttam the 
gel and prepared for lig^Oion in snbstantiai accordance with 
the procedure of Kxample 4A; about 10 jig of the desired 
fras^nent wete obtained and sttspendedin 50 (il oflB bnfia 
About 2 )il of die BamEI-digested plasznid pBIT DNA 
prepared in Exao^le 15A and 1 |il of die -L9 kfo BamHI 
res&iction fiagment of plasmidpB'902 were added to I |d 
of lOxIigase bufla; 5 )il of EjO, and 1 pi (-500 units) of 
T4 DHA Hgase» and die resulting reacdon was incubated at 
16** C ovendght. The HgatedI)KAconstimted the desired 
plasznids piBIXdh&l andpBUdfa£cZ Arestdcdon site and 
fhncdon xaap of jplasndd pfiLTdhfr 1 presented in HG. 20 of 
the accompanying drawings. Flasndds pBLTdhfirl and 
pBXTdhfi2 diSSer only with respect to the odentsdon of the 
-1.9 kb BamHZ restriction fiagment ttiat encodes die dhfir 
gene. 

The Hgated DKA was used to transform £ coU KH 
HBlOl ii snbstantiai accordance with the procedure of 
RxaTTtplo Z The transformed cells were plated onto L agar 
containing umptrfrntu, and the anpidllin-resistant £ coil 
£02 HBlOlpBITdhfrl and£: eoff 102 HBl01/pBI7dh&2 
' transfoanants were identified fay restriction enzyme analysis 
of dxe£rpIaimidDNA. 

- E2CAMPLE 16 

Constrncdon of Fiasznids phdTPA and phd\frFA 

' A. Constrncdon of Intermediate Flasmid j;frPA602 

About 50 pg of plnsmid pTBA.103 (Example 10, FIG. 14) 
in 45 pi of ^s-disdHed B^O were added to 30 pi of lOx 
EcoRI buffer and 225 pi of H3O. About 10 pi (-^0 units) of 
restdcdon enzyme EcotRI were added to die solution of 
plasmid (flTPAlOS DKA, and the resulting reacdon was 
incubated at 3T* C for 90 minutes. The EooRI*4igested 
plasnidd pT£A.103 QNA was p iec ijJita ted wid) ethanol, 
resuspendedin 50 pi of Ix loading buffer (10% ^ccrol and 
- 0.02% bromcphenol blne)^ loaded onto an agarose gel, and 
electrqphoresed until the -^1.1 Icb EcoRI restriction fragment 
was separated from the odler reaction products. The -1.1 kb 
EcoRI restricdba fragment that mmpri.tri the TPA amino- 
texminal-encoding DNA and was isolated from the gel by 
dectrpphoresing the fragment into a dialysis bag. The frag- 
ment was then pt e dpi tated with edianol and resuspended in 

leopirfHjO, 

About 40 pi of lOx Hgal buffer (0.5M Nad; 60 mM 
l^HCX pE»7.4; and 0.1 M MgdaX 200 pi of glass- 
ifistiUed £^0, and 20 pi (about 10 units) of restdcdon 
enzyme were added to the soludon of -1.1 kb EccRI 
restdcdon fragment, and the resulting reacdon was incu- 
bated at 37^ C for 4 houn. The Hgal-digested DNA was 
preripitafed with edunol and then dectrophoresed on x 5% 
aoylandde gd, and the -520 bp restriction fragment diat 
encodes the amino terminus of TPA was isolated onto DE81 
paper and recovexed. About 5 pg of die -520 bp Hgal 
fragment were obtained and suspended In 50 pi of H3O. 

About 12 J pi of lOx Klenow buffer (0.5M Tris-HCX 
P&37.4, and 0.1 M MgO^), 2 pi of a solution dsat was 625 
mM in each of the four deoxynudeotide triphosphates^ 2 pi 
of 0^ DIT, 1 pi of 7 pg/UBSA, 57.5 pi of glass-disdUed 
H^O, and 2 pi (-10 units) of Klenow enzyme (Boehringer- 
Mannheim Biochendcals, 7941 Castleway Dr., RO. Box 
50816, Indianapolis, Ind. 46250) were added to die solution 
of die -520 bp Hgal lesfidction fragment, and die lesuidng 
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reaction was incabated at 20*> C for 30 mmates. The 
Klenow-treated DNA waa incabated st 70** C for 15 muuites 
and jKCcipitatBd with ethanoL 

Aboat 500 plcomoles of BamHI linker (5*- 
CGGQATCCCG-y, douhlc-sttaadei and. obtained from 
New ?»g iM't Bidabs) were phosphorylated oaing poly- 
nndeotide kinase in a total reaction yolnme of 25 pLTbe 
reaction was cuded out in snbstandal acoorduice with the 
procedoxe descnbed in Example 6A. Tlie kinased BamHI 
linkn were added to the solutian of Klenow-treated, -520 
bp HgaX restdctian fragment together with 15 pi of lOx 
ligase buffer, 7 pi (-7 Weiss onits) of T4 DNA ligase, and 
eaoagh gLass-distOled E3O to fadng the reaction volume to 
150 pL The resulting reaction was incabated at 16** C 
overnight 

The ligation reaction was heat-inactivated, and the DNA 
was prcc^iitated with ethanol andresuspendedin 5 pi of lOx 
BamHI buffer and 45 (d of H3O. About 1 pi (-16 units) of 
restriction eniyxne BamHI was added to the solution of 
DNA, and the resulting reaction was incubated at 37" C for 
90 minutes. Then, anotiier 16 onits of BamHI enzyme were 
added to jthe reaction mixtDre, and the reaction was incu- 
bated at 37* C. for another 90 miaates. The reaction mixture 
was then electrophoresed on a 5% polyaa7lamide geU and 
the -530 bp H^ lestrictioo fragment, now with BamHI 
was pttdfled from tixe gel in substantial accordance 
with the procedure ofBxampie 6A. About 2 pg of the desired 

fragment were obtained and suspended in 20 pi of HjO. 

BamHI-digestedf dephosphorylated plasmid pBR322 
DNA canbe obtainedfromNew EnglandBidabs. About 0.1 
pg of BamEI-digested, de^osphorylated plasmid pBR322 
in 2 pi of HjO was added to 1 pi of tiie -530 bp Hgal 
restriction fragment, with BamHI ends, of plasmid 
pTPAlOB, 14 pi of HjO, and 1 pi (-1 Weiss unit) of T4 DNA 
ligase, and the resulting reaction was kunibated at 16** C 
ovcmi^ The ligaled DNA constituted tiie desired plasmid 
taPA602 and an e^vaient plasmid designated pTPA601, 
which differs from plasmid pTPA602 only witii respect to 
Uie rrf'-tiMrtnii of the inserted, -^0 bp lestriction fragment 
A restriction site and ftmction map of plasmid pTE\602 is 
presented in FKj. 21 of the accampanying drawings. 

The Hgaced DNA was used to transfcnn J£ coU K12 
MM294 in substantial accordance with the procedure of 
Example 2, accept tiiat 50 mM CaOa was used in die 
procedure. The transfamed cells were ^atcd on L agar 
containing amsidUin, and the ampfdllfn-reaistant & coli 
KnMM294/i^rPA6Q2and£ctfff K12M>I294^A601 • 
cells were identified by rcsttiction enzyme analysis <rf tticic 
plasmid DNA Presence of an -530 bp BamHI restriction 
fragment indicated that the plasmid was either p'ITA602 or 

plasmid ifCPA601. 

B. Construction of Ihtezmediate Plasmid prlPAoOB 

About 5 pg of plasmid inTA602 were dissolved in 20 pi 
of lOx Bgin and 180 pi of HjO. About 3 pi (-24 units) of 
restriction CMymc BglEI were added to tiie solution of 
plasmid iaPA602 DNA, and the resulting reaction was 
incubated at 37* C for 90 minutes. Then, -13 pi of lOx 
BamHI buffff were added to the reaction mixture to bring 
the salt concentration of the reaction mixtnre up to that 
recommended for Sail digestion, and 2 pi (-20 ttnits)of 
restriction enzyme SaH were added to die reac&on. The 
reaction was incabated at 37" C for anotiier 2 hours; then, 
the DNA was precqpitated with ethanol, rcsuspeaded in 75 pi 
of loading buffio; loaded onto an agarose gel, and electro- 
phoresed until tiie -4.2 ib Bgm^all restriction fragment 
was separated from tixe other digestion products. The region 
of die gel containing tiie -4^ kb BglH-Sall rcsttiction 
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fir&gment was excised firom the get lirozeiLf and the frozen 
segoxent was vtrrappcd la plastic and squeezed xa temove the 
-4^ kb fragment Hie DMA was pccdpitated and resus- 
pended in 20 pi of H3O; about 200 nanograms of the desired 
fragment were obtained. 

Aboat 12 m of pIasmidpTBMQ3 ^ere dissdvedin 15 pi 
of lOxBgm buffer and 135 jdof H20-About2 ja(-164toit$) 
of xestriction enzyme BglQ wexe added to the solntion of 
plasmid irtPA103 DNA, and the resulting reaction was 
incnbaTH at 37^ C for 90 minutes. About 10 )d of lOx 
BamBI buffer were added to the solntian of BgOZ-digested 
ptasmidiOBAIOS DNA to bring the salt conccntraiion of the 
icacdoD znixtnre up to that reqi^ced far Sail digestion. Then, 
about 2 ^l (-20 units) of restriction enzyme Sail were added 
to the sobition of BgiH-digested plasndd prTEMOS DKA, 
and the reaction was incubated at 37* C for anodier 90 
mt-n iito-f^. The Bgin-6all digested plasmid jrtPA103 DNA 
was concentrated by ethanol predpitatiott and then loaded 
onto an agarose gel, and the -X05 kh Bglll-Sall restriction 
fragment that encodes aU but the amino-terminus of TFA 
was isolated from the gel, predpitatBd with edunol and 
resuspendcd la 20 pi of HxO. About 2 pg of the desired 
fragment were obtained. 

About 5 pi of the -4J2 kh BglH-SalX restriction fragment 
of plasmid pVPAJXa and 2 pi of the -2.05 kb Bgin-SaH 
restriction fragment of plasmid pTPAlOS were added to 2 pi 
of lOx ligasb buffer; 10 pi of -HjO 20, and I pi (-1 Wdss 
unit) of T4 DNAligase, and the rcsaldng ligation reaction 
was incubated at 16"* C overnight The ligated DNA con- 
stituted the desired plasmid pTFA6Q3. A restriction site and 
ftmction m^ of plasmid pfrPA603 is presented in BG. 22 of 
the accompanying dmwings. 

The ligated DNA was used to transform JE. coU K12 
MM294 in substantial accordaace with the procedure of 
Exairple 2, «cq>t that 50 mM CaCL, was used in the 
procedure. The transformed cdls were plated on L agar 
containing »w»p i'^'>Wn, and the an^idllin-resistant E, coU 
K12 MM2944jTPA603 transformaats were idcatiflcd by 
restriction enzyme analysis of their plasmid DNA. 
C Construction of Plasmid ptOTBfi^ 

About 100 pg of plasnndpBia: (Example 14, HG. 18) in 
100 pi of TS buffer were added to 10 pi of lOx SstI (Sstt is 
equivalent to restdction enzyme Sa^ buffer (60 mM Tiis- 
Ha PH=7.4; 60 mM MgCt; 60 mM 2-mcrc:?rtocthaaol; 
and 1 fflLg^mlBSA) and25 pi of HjO. About 10 pi (-50 units) 
of restdction enzyme SstI were added to the sdution of 
plasmid pBU DNA» and the resulting reacdon was hicn^ 
bated at 37** C for 2 hours. The Sstl-digcsted plasmid pBIT 
DNA was prcdpltaced with ethanol and resuspended in 10 pi 
of lOx B^ buffer and 85 pi of UjCX About 5 pi (-50 units) 
of restticdon enzyme BgllC were added to the solntion of 
SstE-digcsted plasmid pBIT DNA» and the resulting reaction 
was incubated at-37* C foe 2 hours. 

The BgEH-^stMigested plasmid pBLT DNA was precipi- 
tated with ethand,resuspcndcd in 10 pi of HjO, loaded onto 
an agarose gel, dectrophoresed. and the -690 bp Bglll^tt 
rcstrlcdon fragment, which contains that portion of the 
modified TPA coding sequence wherein the ddedon to get 
the modified TFA coding squeace has occurred, of plasmid 
pBLT was isolated from the gd in substantial accordance 
with the procedure of Example 4A. About 5 pg of the desired 
HS90 bp BglE-Sstl restriction fragment of plasmid pBU 
was obtained and suspended in 100 pi of H3O. 

About 5 pg of plasmid pTPA603 (Example 16B. FKj. 22) 
in 5 pi of TB buffer were added to 10 pi of lOx Ssfl buffa 
and 95 pi of H^O. About 5 pi (-50 units) of restriction 
enzyme SstI were added to the solution of plasnudpTPA603 
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2to^The &tf^ge«ed pTBMS03 DNA was 

^egwatoi mth ethanol and Rsaspeaded In 10 ul of lOx 
B^uffa «,d 83 pi of H^OAtout 5 Ml (-50^i£) 
^rf^««J3me Bgn w« «lded to tbe solution of 

Srf !!J * ^ C. 2 hours. The Bgin- 
fa^i^vf^^'^^^'^ '^NAwas dilated Id A 
In ra b«tfftr and treated with calf-iniestittal aUcalto 
phatase fa mbstantial accordance with the procediie 5 
«an*le ZThe DNA was then precipitated wife ethanol and 
resaspeadcdlnlOjdofHja «««uK»«na 
.ni^^ ^ fee BgUKstJ-digested plasaid irtEA£03 
if ^S^-Sstl resniction ft4iMat of 

pKCT wnre added to 2 pi of l(b< llgase bn^lO ul 
SP' of T♦D^UHgase. ffld the 

«• G. overnight 

SSJfSJfl.^^^ constituted tbe desired plasSd 

PMlKAtSOa. Haa»ldpMIB\603 is tfans analogouaiS:. 

tot^ Ptal pTEA6Ca CHG. 22). except flat plasaid 

pMlPAfira encodes inodiflcdTBV, and jdMaidtOEA^ 
encodes TSfik, 

TTje Hgated DNA was txsed to transfom £ cofi KU 
HBlOl la substantial accordance with the ptocedure of 
au^e Z The transformed cdls were plated on L agar 

K12 miOl/pMIPAtSOS traasfoimants woo identified by 
restzic&on enzyme analysis of dicir plaanid DNA. 
D. Constiuction of Pia^d phdlBv 

Abom 10 pg of plasmid jfTPA6(B (Exan^ilc 1<5B, HD. 
^in lOjil of IE buffer were added to 10 pi of lOx BamHI 
buffer and 85 jil of H^O. About 5 pi (-50 units) of restriction 
en^ BajmHI were added to the solution of plasmid 

o 2 ^ lesnlting reaction was incubated at * 

tL * °^ ^ BamHWigested plasmid tfTPAtf 03 

DNA was precipitated with ethanol, resuspcnded in 10 ul of 

^ 'i^Jr^ 'K*™** «^ electrophorcsed unta 

me -1.90 ld> BamHI lestriction fiagment that encodes TPA 
was scpmtcd feom the otficr digestion products. Tic -.L90 
xo BamHIicstrictionfagmcntwasisolatcd from the gel and 
resuspcnded in 50 pi of IE buffer, about 4 ug of thci! desired 
fiagmcnt were obtained. 

^^^1^^ plasmid phd (Example 12, RG. 16) in 2 ul 
, 2 pi of lOx Bdl buffer and 14 

pi of H3O- About 2 pi (-10 units) of restriction cnzjane Bcff 
were added to the zqImHoh of plasmid phd DNA and the 
res^g reaction was incubated at 50*» C for 2 hours. The 
r^on was stopped by extracting the reaction mixture first 
with phenol and then twice with dilorofcnn. The Bdl- 
^csted plasmid phd DNA was then precipitied With 
ethanol and resuapcadcd la 20 pi of IE buffet: 

About 1 pi of the BcU-digested plasmid phd and 2 pi of 
jLrh^ ^ restriction fragment of plasmid 

gC^603 were added to 1 pi of lOx Ugase buffer, 5 ul of 
^aO, and 1 pi (-5OO units) of T4DNAligase. Hie icsultuig 
Jjgatioa reaction was incubated at 16" C overnight. The 
ligated DNA constituted the desired phdIPA A 

icstriction site and ftinctlon map of plasmid phdTPA Is 
presented in HG. 23 of the accon^an>dng drawings. 

The ligated DNA was used to transform K coU KU 
HBlOl (NRJRL B-15626) in substantial accordance with the 
Focedure of ^ExmgXc 1 lie transformation mixture was 
plated on L agar containing flmpt'^nn^ and the anmidUin- 
rwistantfi coi^K12HB101^hdn>A cdls were identified by 
restriction enzyme analysis. The -1.90 kb BamHI restriction 
ttagment could insert into BcII-digcsted plasmid phd in 
cither one of two orientations, only one of which places the 
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TPA coding sequence in the proper positfon to be ezccessed 
under the control of the BK enfaancer-adenovsus late nrt>- 
m<te cassette and thus icsuits in the desired phLnoid 

E Construction of Plasmid phd\frFA 

, ^SS^}^ ^ plaanid pMTB^QJ (Exaaqilc 160 in 10 
Wjdof lOxBamHTbuffcr and 
83 pi of ^O. About 5 |il (-50 units) of lestiictfon enzyme 
were added to the solutton of plasmid pMTPA^QS 
DrfA, and the resulting reaction was mmUsn^ at 37** C fcr 
2 hours. The BamHr-digwted plasmid pMTPAtfQS I>NA ' 
was pre cfpitated with ethanol, resuspcndcdhi 10 pi of H3O 
loaded onto an agarose geU and electrophoresed unttt the 
-135 kb BaxaHI restriction fragment that encodes modified 
IPA was sepanxcd from the other (figeatiott products. The 
^1-35 JcbBamHIrcstrictlon fragment was isdatfid from the 
gd andrcsuapendcdin 20 pi of TE buffer; about 4pg of the 
desired fragment were obtained. 

About 1 pi of the Bdl-digested plasmid phd prepared in 
^ample 1€D and 2 pi of the -135 IcbBamHI restriction 
fragment of plasmid pNfrPA603 were added to 1 pi of lOx 
ligase buffer, 5 pi of HjO, and 1 pi (-500 units) of T4 DNA 
ligasc. The resulting ligatiott reaction was incQbated at 16^ 
C overnight The ligated DNA constitnted the desired 
plasmid phdMIPA. A restriction site and flactlon map of 

plasmid phdMIlA is presented in HG. 24 of the acconm*. 
nying drawings. 

The Hgated DNA was used to transftm E, eoS KXZ 

HBlOl in substantial accordance with the procedure of 

Exan^)le Z The transformation mixture was plated on L agar 

containing aixipidllin» and the an^ridOin-reslstaat £. celi 

K12 HBlOl/phdMTPA cells were identified by restriction 
enzyme analysis of their plasmid DNA. The -135 Icb 
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BamHI restdctioii ftagtneat could insext into BGI-<ligcned 
plasmid pbd M either one of two orientations, only one of 
which places the TFA coding seqaence in the proper position 
to be expressed nnder the control of the BK enhancer- 
adenoviias late proxnocer and thus results in the desiicd 
plasmid pfadZj^fTPA. 

EXAMPLE 17 

Consttncdon of an In^ved BK Enhancer- 
Adenovirus Late Promoter Cftiti<^ 

The tianscdpdon-enbandng effect (tf the BK enhancer 
can be significantly increased by placing the enhancer firom 
0 to 300 nucleotides ttpstxeam of the 5* end of the CAAT 
region or CAAT zegion equivalent of an adjacent eukaryotic 
p i' ^ m q uT. Tlie setpience and ftmctional elements of the 
present BK enhancei^adenovinis 2 late promoter cassette, 
before modification to achieve greater enhancing acdTity, is 
depicted below. This depiction assnmcs that the BK 
enhancer is &om the prototype strain of BK virus, ay atlafale 
feomtheATCC under thteVR-S37. However, ArCCVR-«37 
consists of a mixture of BK vaxiantSf Plasmid pBaUcat and 
the other BK enhanceMontaining plasmids of the invention 
conqaise this BK enhancer variant and not the BK prototype 
enhancer drptrtH below. As stated above, however, any BK 
enhancer variam can be used in the niethods and compoonds 
of the pnsent invention. Plasmid pBalScat can be obtained 
in E, coU K12 HBlOl cells from the Nocthcm Regional 
Research Center, Peoria, TJL 61604 under die accession 
number KKKL B-18267. 

^ '60 

y^GCCTTICr CAIIAACJGQA ACSATITOCCC ACGCA£3CrCT TTCAAGGCCT AAAAGGICCA 

uo 

TCACCICCAX CGATICnCC CTOITAAaAA dTTAlCCAX TIITOCAAAA ATXGCAAAAfl 

StoJi ____ 
AAXAqCSOATT TCCCCAAAIA CrmTCCIAo" CCCXCAGAAA AAC3CC1CCAC • ACCCtTACTA 

J40 . 

CITCAGAGAA AGGOIGOACO CIMJAGGCGGC CnaSGCCTCT TATATAITAT AAAAAAAKSO^ 



first icpnt of tho BK enhaoccr- 



GCCACAGGGA GGAGCItSCnT ACCCAZGGA4 TOCAGCCAAA CCATOACCIC ACQAAGCSAAA^ 

• • aeeoDdisptttt of ifcoBK eahanacr *""""r~""^* 

GICCAlGACr CACACGCXIAA TOCAGCCAAA- CCAIOACCIC AGGAACSOAAA OICCAl^^ 

m lUnlrepcilofflwBZenhwcor — - 

CACAGCOAOQ AG ClUCiXA C CCAaxSOAATQ CAGCCAAAOC ATGACCTCaG OAAOCJAAAOT 

ScAiaACIOa GCACCCAGCC AGIGGCAOrr AAXACTQAAA CCCCGCCOAC AOACATOTIT^- 

tgcoagccia GOAATcriGa c c riurtxcG AOriAAACia qacaaaggcc ATCcncxoc 

CCCAGGCItJT CCIOaAGCGG . TGTICCSOCSG Tt X ' lCClC GT ATAOAAACTC GGACCAOTT 
^ 

GAOACOAACO CICCCGICCA GGCCAGCACO AAGQAGGCIA AOrGGOAOGG GtAGCGGICO^ 

TTOICCACTA GGGGCICCAC TCGCICCAOG GICIOAAGAC ACAIGICOCC CICnCCGCA 

CAATRflcon ™ 

TCAAGOAACO TO AIlUJi ' ll ' ATAGCJIGrEAO GCCACGIGAC CGGOrClTCC TOAAGQGGQa 

itMt a»» of Uf iM u ip doa 
TAXABox .> 

CrATAAAAGG GGCTIGGGGGC GC UnUilCC TCACTCICTT CCGCATCGCT CnCIGCOACG 

874 

BCli nnto HiaJnt * 

GCCAOCTOAX CAGCCTAGGC TTTOCAAAAA GCTTO' 



Wherein A is deoxyadenyl; G is dcoxyguanyl; C is dcoxy- 
cytidyl; and T is thymidyL 



Tha Drototnie BK eahancsr ia ieOaei by «to three 

Inc. P.O. B«x 1365, New Havca, Oam. O^SO^-Tte ^ 

tte BaDl^wated DNA was collected by ettanol pto^U 

faix buffff ami treated wift Eciww enzynM^ 

«««diirej Breviously described 



'^Ee««.-treatedDNAwasre«rpeB^toWp^^ 

lilStoaSSt^ lig»t«l DNAwas used to trans- 
S^^lSroiSu aKen Ihe tnmafbnnant. were 

S CAAT «gion of the a^o^^usLje 
pl«nddresnWnsftojntte abwcF^ 

^mn 0 to 300 andcotides of the CA«r regmn or nw 

"^^SSl^fS win recognize that *e forego^ 
j^tolSSSd.nomber of distinct Plas^ 
g^S^is iltastratim These pla«^.««^ 
^^tfriadng the BK enhancer at a v«ie9 rf^ 

a BK enhancer, which can be *™^fl,TrT*,. ^ ^ i,-. 

EXAMPUB18 

Constnictlon of Eukaryodc Hott Cell ^ 
Tiansfomants of the Btptession Vetaxs of the 

Present Invention and Detetninadon of 
Re^SSnt Gene Spression Levds in Those 

Transfonnanis 

S transfonned with adenovirus type 5 (note that any 
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paxticalar type of adenoviras cin be tued to sqipiy the HIA 
gene product in the method of the present Inventioa) and are 
available from the ATCC under the accession number CKL 
1573. However; the expression Tectocs of the present ioyea- 
tion function la a wide vadety of host cells, even if ihe EIA 
gene product is not present. Furthrnncre, the EIA gene 
product caa be introduced into a non-ElA-produdng cell 
line either by transfomuition with a vector of the present 
inventioii that comprises the EIA gene, such as plasmids 
pL?CElA and pLFCEIAl, or with sheered adenovirus 
DNAt or by infection with adenovtros. 

The transfonnation procedsie described below refers to 
293 cells as the host ceiU line; however, the proc ed u r e is 
genczaUy appUcable to noost coJcaryotic cell lines. A variety 
of cell lines have been transformed with the vectors of the 
present isvention; some of the actual transformants con* 
stracted and related information are presented in the Tables 
acooQ^anying this Exan^le. Because of the great number of 
expression vectors of the present invention, the ttansfomiaF- 
tion procedure is descdbrri gencrirally, and the actual trans* 
foxmants constructed are presented in the Tables. 

293 cells are obtained fiom the ATCC mider the a c cessi on 
number CRL 1573 in a 25 mm^ flask containing a confluent 
monolayer of about 5JxlO^ cells in Eagle's Minimum 
E^vrntf*^ Medhm with 10% heat-inactlvatol horse serum. 
The flask is incabatcd at 37** C; medium is dtanged twice 
weekly. The cgH ^ are sub-cultured by removing the mrrfinm , 
rinsing with Hank's Balanced Salts solution (Gtbco), adding 
0:25% trypsin for 1-2 minutes, rinsing with fresh medium, 
aspirating, and dispensing into new flasks at a subculttvation 
ratio of 1:5 or 1:10. 

One day prior to transformation^ cells are seeded at 
0.7x10^ per dish. The medium is changed 4 hours prior 
to transformatioiL Sterile, etbanol'^ecipitated plasmid 
DNA dissolved in TE buffer is used to prqiare a 2x 
DNA-CaOs solution containing 40 pgAnl DNA and 250 
mM Qady 2x HBS is prepared containing 280 mM Nad, 
50 mM Hepes, and 1.5 mM sodium phosphate, with the pE 
adjusted to 7.05-7.15* The 2x DNA-CaOi solution is added 
dropwise to an equal volume of sterile 2^ HBS. A one ml 
sterile plastic p^ette with a cotton plug is inserted into the 
mixing tube that contains the 2x HBS, and bubbles are 
introduced by blowing while the DKA is being added. The 
caldnm-phosphate-DNA prcc^ntate is allowed to form 
without agitation for 30-45 minutes at room trmprra ture. 

The predpitate is then mixed by gentle pipetting with a 
plasdc rix?gtfa?^ and one ml (per plate) of predpitate is added 
directly to the 10 ml of growth wf*»rfiiTm that coven the 
recipient ^H *. Afta 4 boon of incubation at 37* C 'the 
medium is itqdaced with DMEM with 10% fetal bovine 
serum and ttie cells idlowed to inaibate f<x an a dditional 72 
hours b^ore providing selecdve pressure. For transformants 
expressing recombinant himian protein C* the growth 
medium contained 1 to 10 |i^ml vitamin K, a cofactor 
required for TXarboxylatiott of the protein. For plasmids that 
do not con^e a selectable maricer that functions in 
eukaryotic cells, the transformaiion procedure utilizes a 
mixmre of plasmids: the expression vector of the present 
invention that 1t"-v^ a selectable marker, and an expression 
vector that comprises a selectable marker that fiincdons in 
eukaryotic ceUs. This co-transfotmadon technique allows 
for the identiflcadon of cdls that compxise both of the 
txansforming plasmids. 

Fcr ceUs transfected with plasmids containing the hygto- 
mydn rcsistance-confcrmg gene, hygromydn is added to 
the growth medium to a final concentration of about 200 to 
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400 jigtoL The cells are thca incubated at 37" C te 2^ 
weeks with medium diangcs at 3 to 4 day intervala. The 
rcaalting l^gromyda-resistaol coloiiies are transfeorcd to 
iodividuai colture flaato f or chatacterizatloiL The selcctioa 
of ncanycia <G41S Is also used in^place of ncomyda)- 
lesistant ooioDies is petfonncd in wstantial accatdance 
with the selcctiott procedure for hygroxnydn-jesistaat cdls, 
except that C418 is added to a llnal concentration of 400 
pgtolialhcr than hygremydn. 293 ceEs are dhflr positive, so 
293 txansfocnants that containplasmids comprising the dhfir 
ficne are not sdcctcd soldy on the basis of the dhfir-positxYe 
phenotype, which is the ability to grow in mcdU that lades 
^^pcocanthine and thymine. Cdl lines that do lade a ftino- 
tiond dhfr gene and are tcansfooncd with dhfr-containing 
plasmids can be selected fbr on the basis of the dhfrf 
phenotype. 

The use of the dil^drofolate reductase (dhfr) gene as a 
sdcctable ma^Vgr for introducing a gene or plasmid into a 
dhfr-dcfldcnt cdlHac and the subsequent use of methotr- 
exate to anqjlify the copy number of the plasmid has been 
wdl established in ttie litoatoie, Althou^ die use dT dhfr as 
asdectable and anqdifiaUe mate hi dhfrpnxfiidng cdls 
has not been wdl stodicd, cfBdent coaixqjKflcaiion hi pri- 
mate cdls requires an hiilial sdccdon using a directly 
ylr^flKt*^ mate before the coanq)lification ushig 
cxate- The use of the present hrvendon is not Bu nted b y tte 
if lfrt aH^ mate used. Moreover; ampHflable mates such 
as mctallothioncin genes, adcnosinB deaminase genes, or 
membeis of the muWgcne resistance fomay, excnq>lifiedby 
ELglycoprotdn, can be utilized. 2h 293 cdls, it is advanta- 
geous to transfam with a rector that contains asdectable , 
marbar sudi as thehyyon^cin B rcsistancc-confctring gene 
and then amplify using methotrexate, whidi cannot be used 
for direct selection of murine dhft-containmg pUsnnda in 
293 cefls. The Icvds of coampUficatlon can be measured 
using Southern hybridization or other methods Tausm in ttie 
art. Tables 7 and 8 dispUy the results of coa mpHfl ca t iqn 
ccpcrimcnts in 293 ccills. 

TABLB3 



Flumld 



in 29? qflmVansfotmm- 

Bxpieanaa Level (« meiraaced br 
amouni of sspRSMd fCQs piodnct in 
Oena caUawdBi) 



jUCdhfrl PzotsiaC 
pL?C4 FMtnaC 



iLFCS 

ptPCbdl 
pbdX?A 



C 



Oa-4jOM^tO*"^«*V' 

Oa-4.0 \i^Vf ceaiWiy. 

OS—T^ m^io* oelliMi^t ootmsfionned 

withphnudpSVZfars. 

oo-to i<i^io* ooiwav. uuniiin i i i iifri 

withplsnudpSVIfarfr 
-tap^lO'eani/dqr. 
ia a nnaeat'unT ooaikieted 34-36 
faoua pGMBXuftnBtioo, afaostO^ 
IJS ^^iXfi ealla, If tbtt Wfoa 
piocfaxt is pRMt Sa tfaB hart coQ lod 
about 10^ less U nob StihU 
Uimiiiii«nn procbes itat IS^Ji {tgf 
4 X 10* cttUtf <tay. 



TABUS 4 

PtotftiaC OJOaa-OAii^ia'ci^^' 



1 
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TA3LB 4-coixtinued 



gxpitwiaatgvd,iBM^ ^jt;CCQ:7)Caaih^^ 
Mama EzprcnedOeae Eiptesiiaiilml 



PL?C4 PkoteiaC 






ooCtinsfaBfied wife plaamid jSV2h^i 


0025-018 (18^10* CBlMay, 




cecxiDSftnnfid wife pltsnld pSV2ijx. 



TABLES 



Ralithfc LoTda of CMoramphniirtffl Aeetyiat raMfrr *^ 
Produced by Ruffmihnnni PUmirU in Vkw^a Wnm^^ 
tttdMpnlBy Kkk»7 CleQ liaes 



R^dmLfivsl* o£ OKT b CeU Lias: 





293 




C05-1 






(AICC 




(Aire 




CRHJ73) 


fc8l6-4« 


00.1650) 


(XTCC CCX7) 


pLPeat 


on 


Old 


0J8 


Oi]6 




1 


2 


1 


I 




lOi 


2.7 


lw4 


L3 


pSBLeat 


3^ 


5^ 


3.4 


18 


pSXxsi 


0^ 


3^ 


NT 


LOS 


pBalScat 


X7 


LS 


NT 


U 



•Tttft vrfoe* ibr tha EBlitiw bwb of Off pi^^ 

ttMod oa tfao krvel of CAT ftam plwnid pSVto u unity btluK eeO On. 

teutti aw (ho toim of flom 2 to < farflvMml ^ ^ 

detoctoA OTT - not tMtod. Ptumid pSLctf *u tmlogotti to 

u^j»U]lMptsiuoMS2A^72ittCQS talt81&4 ceU Ibes jradice T 

••WIM colli wen piepsied I7 tnmfbmatkm of primiiy hmnm Vdaar 

CJU ^^Hrto;), coiit«ndag «a SV40 

or irpiKMioa. Hau oeH Uoo ccmtitatiTeJy produxi tho T aoligea of SV4a 
Tho k8l6^ cell Ibo k oMtcdal^ tto sssa u oett Iixm SVl, SV40. 
tM^raodteunfci±»cr Inx^dcK^ Pdminvvinises 
Mroto^ Dl«« (Ala R. li^Jbc, N.Tt 1983, odt D. 
Martrtrtn , tod J, &n(«i). 



TABLES 

t 



^ RttUlh y Lowli of Chlarmphcaicol Acctyhttnafcraio (Og) 
1 ftoaiced ^ Recambiiant Plamuai in ^^faigIl HmMii -mrf VfanW^ y 

i 





293 


M6-4 


MK2 


pUtat 


oua 


023 


0015 


pSVlcit 


1 


'24 


023 


pBInt 




3^ 


032 



eooected by dlridas tfas lovet of CJff ia (be ceO lyntt by (ha «*^*r'm 

^umid DNA, u dfttmninrrl by Ivfaridizatioa toaijnM, in (bs ssno eoU 

ly«to, ThoconectcdTiUw ferplumidpffneiim odia w« tikeau 
onity* 
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X/\BLS7 






1 **"iffi^i'*ity ml livsl Q/3ffC 


flZpRMSA fiODI 293 csQi ttKiMferpcd 




nd wrfrtaHy Mlsctsd ftv hfffoia, 


fcis miituco. 


Lsvelof 




I«w]of BPC 


HiftthotrBMte (pb^ 




(ng^C^ esQi) 


0 




373 


OjQ5 




1794 


0L2 


5C0f 


3786 . 


<U 


32 


335 ' 


OS 


33 


323 


U 


58 


165 


3^ 


44 


310 



TABLES 



Zjcnrd of BFC in ekaes Mikc^ tor fEowth hi lasreuiQg knmli of 
metfaoncxata feflowtng mitbl aotectfoa with hygomvcin f or 04ia fB^ 

HPC rWlO*«»lh«iTl fa MTg Ai\n fa«l oft 

.oiu oa oa 04 oj 1.6 'sii 10 



A 



Pool U18 370 210 160 290 

-1 1820 310 370 150 330 360 

-10 2170 230 370 UO 200 

-33 1520 210 200 

-2fi 1300 240 460 150 160 

-37 2400 470 630 330 580 

-21 1100 1700 3100 2450 2060 UOO 6B0 
21 aubcbnoj 



21-1 4100 
21-2 4300 
21^ 3010 
21-4 2970 
21^ 4130 
21^ * 2830 

21-7 1130 

21-lOb-l 5790 
21.10^ 4700 
21-lCM • 12175 

21.10M 1U35 
.21-lOW 10233 
21.10^-6 8490 
21-10-7 <20 
21-iab-7 4990 
21.tCb.10 91SQ0 
21-lOa 1703 
B- 315 600 2200 

PoolQ925 
Subchnw 

bdA6 37000 
MA4 22250 
Al 40000 
A2 33750 
A3 44250 



^denotes cocnnafixtioa with plinimriii pLPCbd nd pSV2aeo. 

CcU Hnc AV12 (ATCC CRL 9595) can be transfonncd in 
substantial accordance with the procedure desaibed far 293 
cells in Example 18. However, unlilce 293 cells, AV12 cells 
can be directly selected with mediotrcxatB (200-300 nM) 
when transf Qcmed with a vector containing the murine dh& 
gene. Table 6» below, illustrates the advantages of producing 



a ^carboxylated pratexiu in this instance, activated hasutt 
protein C» in an adencyvitas-transfozzned host ceQ. The 
txansfonnants were selected using hygromyda B or meth- 
otrexate; transfomuints produced -2 to 4 fig^ of human 
protdn C. Rratdn C levus can be increased to -10 jt^inl by 
anplificatioii with methotRsate. Hie protein C was acti- 
vated and its activity detocznined as dnrrihnd in Gtinnell et 
al^ 1987, Bio/Technologx 5:1189. Activi^ values are based 
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on an activiQr of 1.0 for hnman plaana proCeia. The activities 
are exp ressed in ratios of activatedt>arti[al thromboplastin 
tizne (AFTT) over amidolytic (serine protease) activity or 
amount of ptoteia C antigen (ELISA). 



XABLB9 ^' 



P^uiBtitfaJ Aivtivl^ of AntBiu C Pr^f^rM hi 


CaUXiiM 


J^FinAmidblTtb 


AFIjCTELSA 


393/pLFChd 












SAX^pLFCU 


ni 


in 




od 


OSS 



nd"D0tda rrrmfnftft; SA7 ttdSVaO m SynahgiitgcdllinM traaaftinncd- 
with stmita ademnns 7 ad omiia Yiius 2Q| sopeetfarcty* 



Tible 9 shows that the lecombinant protein C activity 
produced in an adenovicns-transfonned host ceU is at least as 
active as that foosd In homan Uood. In nott-adenoviras- 
tnuufotmed host ceQst tlie anticoagulant .activity of the 
zeconibinajat ptrotein C produced never exceeds 50% of the 
activity of bnznan blood-derived protein C 

. EXAMFLB20 

Constraoion of Flasmids p4-14 and p2-5, Flasmids 
that Encode the l^artite Leader of Adeaovims 

Flasmids p4-14 and p2-5 both ^s:di!2o the improved 
BK-enhancer adenovxros late promoter cassette of plasmid 
pBalflcat and the txipardte leader of adenovims to drive high 
level exi»ession of human protein C in eukaxyotfc host cells. 
The DNA encoding the adenovirus tripartite leader (IFL) 
was isolated from adenovirus; nnmbcrs In parentfieses after 
restriction enzyme ctit sites xe£er to map units cfadcnovixos. 

Flasndd pUC13 (commercially available from BSL) was 
<&gesfied with lestdction enzymes Spfal and BamHI ^d then 
ligated witik the IPL-encoding -72 ]d) SphI (5135)-BcII 
(1Z301) restriction fragment of adenovirus type 2 to yield 
plasmid pTHA Part of an Intxon was deleted from the 
TH^enooding DNA by digesting , plasmid pTFL4 with 
restriction enaTmes Saul (761(S) and Bgm (S904), treating 
with Klenow enzyme, and rellgatlng to yield plasmid 
pATFL. Flasmid pATFL was diea dig»ted with restriction 
enzyme Xho^ and the -*2.62]d>ShaI fragment encoding the ' 
TTL (Xhol sites at 5799 and 9689 of adenovirus) was 
isolated and ptepared for ligation. 

Plasmid pBLcat was digested with restriction enzymes 
^Qiol and Bdl and then ligated with the linker: 
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II 

TQACCr* 



o^XM andllgated with the -Z(S2 tt XhoI«*S 

!S?^=^^'*^«*^8°««^ «»«<«ay^ to 
pb«, (he BKcBhuccn •daovirusfflig-orlatc'iiZ^ 
in. a allgnmcBt fhr es|sessioa of the GO" gene. 

Slasmid J2.5 was thea canstzncted by Ugatins these 
«»gBfflti: a)theiWuJi;.BcarestdcflbBfaiw^af 
PLTChdl, vUdi encodes the dhfr gene; (2) the mtda 

(3)^ TPL^acoding Pvn&Bdl nstriction fi^nent of 
^asmWpM^. aMl(4) the BK^nhaaeer-iKi: 
Mcorflng Pimir-AiUir zestdctioa fiagment of plasnid 

» • '°9Mablo nadcer and the BK enhancer; 

^joofflJ.aadAiCTPLcoircctlypositfaBedladdveB 
. aioa of human {(otein C 

Jlaanid p4.14 is aaalogons to ptamld pS-S but was 
" latennedite jdasaid designated 
gBalsm. PlasoidpBalfflH. was cSosUra^ by gating 
»ffacats 1, 3, sad 4, used in the construction of bhumid 
»S?r«JSr'^*^ ^ preceding paiagiaph. Flasmid 
^^^2^ ^ '"S^ restriction e^ Xhol 
»ated wttKfcnow enzyme to 

Muled and then ligatBd with the hfflnan protein C-encodtos. 
Henow-treated BcU restriction fragment of plasoid 
pUaa to yiddpl«midp4.14.Tluis,5to^ 
^ ftom pLumid p2^ in that the protein C«icodhii 
EWA w inserted at the Xhol site in the ftagment derived 
frwB plasmid pBAI^TPL, whereaa in plaaiSd^TSs 

Flasmid P4.14 and p2.5 drive high-Ievet enressioa of 

^ 5^ ^ "^^^^ P^l* ««» p2-3 

T^i^J^!T^ 20O-5OO nM methotrcSa 

AV1Z^14 transfbnaants, before anpiiflcation. express 
J-o nmes more human proton C than AV12/pLPCdhfr 
traasformants. Amplification with methotrexate ftwher 
the amount of human protein C produced by the 
ceto. Hasmids p4.14 and p2-3 are dm. illusttatlve erf Se 
expression levels achieved using die TPL «rf adea- 



'■BQDBNC8USXIM 



( I }OI!NBBAl,U<F0niUDaM 

( i 1 1 )>«aaaaof SE Q C MMUis ia 



( a )«W»tHIOm«0«S»JlDNO:U 

( t )saqRBNaeBAaAciausna 

( A ) tBNOBi 3a» bM 

( C ) sniAKDBDNESSt 
( O }T0fOLaQSW 



r 
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-contfamed 



i% \ ) CqPENCH DUaUjyilOtft S8Q P NOili 
ACUCnCUTJCC 0CAUCOCUQX7 CUOCOAOOOC CAOCUOUUOO OCUCOCaOUU OAOOACAAAC 
UCTJQCOCaOU CCaUCCAOUA CO^CUtrOOAUC OOAAACeCOO COOCCUCCOA ACOUACUCCO 
CCACCOAOOa ACCUOAOCOA OUCCOCAUCQ ACCOOAUCOO AAAACCUCUC OAOAAAQOCO 
UCOAACCAOV CACAOUCaCA 



4 0 
110 

] to 

200 



( a )x^B>»Ma!ONralSBQXDmal 

( 1 )SBC[0BNCaC&ABACXEBI5Z] 
( A)l£N(nBiabsH] 

< C )SZBANDSD«BSSl 
(O)TOrajOOlkfiw 



( 1 1 )uauBaiiai 

(s I )5EQUBNCHDe9aUPXS0Ni SEQIDKOflt 

AcncucQoec o;caii.cocuoo cuacoAoooc cao 



( 3 }IM^0R\UrxONPqt.3BQIONOft 
(i) 



< A)XJENaXHil3bMpijn 
(a)TXPS:»el«oacSd 
( C ) SZBANDBraOSSt dB|l* 

(It }&IOLBCniSTXPB;OKA(|«aapoie) 
(si ) SEQUBNCS OfiSCUraaKt S&QID NO^ 
AQCTTTaATC AO 



( 1 )DtF0KMiaZONFOIlS8QIDNOs4i 

( A ) LBNOXa 13 tea ptia 
( C } SISANDGDNBSS: liacl* 

( I I )MOLBCnLaTtPB»DNAQyMio) 

( X I )3Bqn&NCBoescs2Fiimsa(iiDNOH3 

OCACCtOXTC AA 



13 



( 3 )tNPQRM«XqKms8QU>NO:Si 

( I )SBQC]8NCSC3AIlACCBRt5XK3l 
( A )I£NCnBi tbawpain 

(B) XmiaKWa«id 

(C) a 



( t 1 ) MDtBniLBTTPBi DWAtjawnto) 
( K i )aaQQ8HCaoeSC»?XSONkSBQIDNQ:Si 
OTOATCAA 



C 3 )INP0RMA3I0KF0ilSaQIDM0:ft 



( A)UNCnaMhMTM> 
(B )TTPSiaKlMBawl 

(O)iopajocmsw 
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•coQtfsncd 

( X 1 )Sa9]ENQDeSCSI?Q0rit SBQ ID HM 
OATCTTOATC ACTOCA * 

( 3 )Ztac»MDonratsaQZDNOA 

( I }S8QtJENCaCBA]UCIEKmXCb 
( A ) LBNOIBi t btta pifin 
(B )TrPBlwl^icid 
( C )5XnAMCBDraSSiili|U 
(D>T0F0L09ftfiaMr 

( i I >MQlSCOtaTtniSKACieet»fe) 

■ 

COOAXCCO 

( 3 )INP0BM»IO»rK3ItSB9IDI9O:tl 

( 1 )SB9IENC2mMUCZSSaSSC3i 
( A)UKCIXaftbiMpiirt 
<B)TZTB:«ieWe«Biil . 
( C ) SnUNDEDHESSl riN3« 

( I 1 )MOLmnHtgE:PWA(gwflnfc> 

( X I ) SBQUEKCB DGSOUPnONx SeQ ID MM 

I 

COCATGCO 

( 3 )D1FCSU«aX0N7ORSSQIDHOA 

( 1 )SacaUli W CBCHAltACIg«SgCSl 
( A ) lawaa 3fT bi» prim 
( B )TYVSlflMtcI««EU 
( C ) SnUNDBDNBSSt doil* 

(D)Tcrajo(msM 

-(11 )MaiflCaiaTIPBiDKAIi»ie) 
{ X I )SBQ!CIENCB0e9GUra<9':SSqEDNC»: 

AATTCACOCT OTOOTOTTAT OOTCOOTOOT COCTAOOOTO CCOACOCOCA TCTCOACTOC 

ACOOIOCACC AATOCTTCTO OCOTCAOOCA OCCAATCOOA AOCTOTOOTA TOOCTOTOCA 

OOTCOTATAA TCACCOCATA ATTCOAOTCO CTCAAOOCOC ACTCCCOTTC COOATAATOT 

TTTTTOCTCC OACATCATAA COOTTCCOOC AAATATTCTO AAATQAOCTO TTOACAATTA 

ATCATCOAAC TAQTTAACTA OtACOCAAOT TCTCOTAAAA AOOOTAT 

( a )iNFcsM«naff PORSBQiONonot 

( i ) aaqogKca mMt Arraggncst 

( A)LEN01H:3Mh««p^ 

( c ) nsuKDeoeiGSSi 



( \ I )MCLBaiLBn(P&ONA<t««ato) 

( X I ) SBQOBNCBBBSaUFQQfli SSQ CD NO:SOi 

COATACCCTT TTTACOAOAA CTTOCOTACT AOTTAACTAO TTCOATOATT AATTOTCAAC 

AOCTCATTTC AdAATATTTa CCOOAACCOT TATOATOTCO OAOCAAAAAA CATTATCCOO 

AACOOOAOTO COCCTTOAOC OACTCQAATT ATOCOOTOAT TATACOACCT QCACAOCCAT 

ACCACAOCTT CCOATTOOCT OCCTOACOCC AOAAOCATTO OtOCACCOTO CAOTCOAOAT 



a a 

1 30 

1 to 

3 'iO 
3"»T 



6 0 
130 

1 to 

340 



r 
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^ntinaed 



OCOCOTCOOC ACCCTAOCOA CCACCOACCA TAACACCACA OCOTO * ItS 



( 3 ) INPORMJOION KR SQ ID NOiJlt 

— _____ - 

( I ) aEqjCBNCHniAH A< I IHWiJI UCTt 

( A JLENOZBitbMpiin . . 

( C )SXlUNQeDMBS3:ncf* 
( D )TGPOCjOafTtBiMr 

( 1 L JMCLBCaLBTYFetDKAdMaak) 

( s I )3EQUBMaDBXBinXONkSEQlD2IOm: 

CCATATOO • 



( 2 )ZNPaitMAnpNPQRSEQIDN0U3l 

( I ) "WV"^^ i^AP A*" I Hill ju 1 iim 
( A)tSNCnBi ttaH»9«k» 

( B )nrataKiiA««dd 

( C ) SIAAMDEDraSSi nil* 
( D )T0raO(I»HM 

(X I )SBq5]ENCBCBSC3UPnonSEQIDHOd3t 
CCATATOO 



( 2 )INICRMJaXCNPC3RSBClIDNOit3t 

( i )seQqcMcacsAAACze8isxsc3i 

( B )TTPgl«nHrfnirii1 

( C)SlSU2a)BDKBS33siBslft 

( D' )im3tOCmSaHff 

( I t )MOLECULBTrrSiDHA(kaanie) 

< % i )3B(ia»IOBSB9aUFn0KiSBQIDH0il3s 

COTTAACO 



( 1 )INIOUCKnGHF0RSBqiDNOil4t 

< I )SBQDCKCBCBAIUCXSUSXICSl 
( A)L9ICnBl»teMpda 
(B )TYretaieUaKai 
( C)5nU}<DeD»TESSliiMte . 
( D )T0r0lJ0O%]lM 

( X I )SBC3DCNQOBSC8XPXXaNiSBQ]DHOd4i 
COTTAACO 



( 2 ) INKXtM^OXOM FOR SBQ ID NOOSi 

< I ) 5BQ0ENC8 CSAXACISiUaXICSt 
< A ) LSNOXBs 36 b>M pMt 
(B )TT7Bl»diio«dd 
( C )SDUNDeSNBSSiikt)a 

(O)ZorGuxntnM 

( I I )UOUBCQLBm&DrfA(k«»i) 
(si )SBQCEESCBOBSaarXXCNiSBQIDM0a5i 
OOOAAOTOCT OTOAAAtATC CACCTOCOOC CTOAOA 



( 1 )QTORMjmoe(FOIlS£QIDNOilfti 



I 1 
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"Contiaued 



( 1 )5BQUEHCaGaA]IACZBttSnCSl 

(a)T»BsaaBUB«:U 

( C ) SZAANCeDNESSi oo^ 

(D)iorajocmiiM 

( 1 I )SBQaBNCS0BnDl!0lbSBqiON0iias 

CTAOAOOOTA TTAATAATOT ATCOATTTAA ATAAOOAOOA ATAACA 44 

I 

( a ) DTOB&UOION PGR saQ IDHOOTl 



(I) 

(A) 
(B) 
<C) 

(II }MOLacaLBTTFeiOKA.(ki^«ala) 
( X i ) SDC2aBNCS2>69CIUPZXOIb SBQ ID NOtXn 
TATOTTATTC CTCCTTATTT AAATCOATAC ATTATTAAXA CCCT 44 

( 3 )DTORMiiaiOKPq|RS8QIDNOtia: 

( I }5BQUENaaCBARACXS«tSXXC3i 
( A ) USHOXEb 33 fana pHO 
(B )TTPBtmkiaadd 
( C ) SOIAKDBDriBSSt ntfte 
(D)T0P0L0Ol&SMtf 

( t I )M0LECt3LBTYP&nNA^aBBw) 

( s i )SSC3^3ENCBSe9aa7XIONiSEQID2IOilts 

OATCTATTAA CTCAATCTAO AC 3 1 

( 3 )tNfQaM>iaiONPQR3aQIDNOil9i 

( I )SBQ!CENC3CEIAaACrERISIXC3t 
{ A ) LENOZBi 31 teM pMt 
• (B )TlPBiTwnWinrtl 
< C ) SZAAMDEOMBSStiiail* 

( X 1 )SBC!0ENCaSBSC8ira0NiSBQIDNC}:t9t 
TCOAOTCTAO ATTOAOTTAA TA 12- 

( I )SBQlJENCBCHAIUCXBiaSI!C3l 
( A )UBNCnB: snbAMpun 

( D )IOraXXnft Saw 

( I i )M0LECOtBTTFB:OKAteM»^ 

( « I } SBQOSICB OBSaunXONt SBQ SO HO:9Dt 
AAOCTTTTCT CATTAAOOOA AOATTTCCCC AOOCAOCTCT 7TCAA0QCCT AAAAOOTCCA 6 0 

TQAOCTCCAT OOAXTCTTCC CTQTTAAOAA CTTTATCCAT TTTTOCAAAA ATTOCAAAAO 130 
AATAOdOATT TCCCCAAATA OTTTTOCTAO OCCTCAOAAA AAOCCTCCAC ACCCTTACTA t«0 
CTTOAOAOAA AOOOTaaAQO CAQAOOCOOC CTC<jaCCTCT TATATATTAT AAAAAAAAAO 3 40 

QCCACAOOaA OaAOCTOCTT ACCCATOOAA TOCAOCCAAA CCATOACCTC AOOAAOOAAA 30 0 
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-condimed 



otocatoact 


CACAOaOOAA 


t'ocaoccaaa 


CCATOACCTC 


AOOAAOOAAA 


OTOCATOACT 


3 40 


CACAOOOAOO 


AOCTOCTTAC 


CCATOaAATQ 


CAOCCAAACC 


ATOACCTCAO 


OAAOOAAAOT 


410 


OCATOACTOO 


OCAOCCAOCC 


AOTOOCAOTT 


AATAOTOAAA 


CCCCOCCOAC 


AOACATOTTT 


4 10 


TOCOAOCCTA 


OOAATCTTOO 


CCTTOTCCCC 


AOTTAAACtO 


OACAAAOOCC 


ATOOTTCTOC 


i 40 


QCCAOOCTOT 


CCTTCOAOCO 


oTOTTCcaca 


OTCCTCCTCO 


TATAOAAACT 


COOACCACTC 


4 0 0 


TOAQACOAAO 


OCTCOeOTCC 


AOOCCAOCAC 


OAAOOAOaCT 


AAOTOOOAOO 


OOTAOCOOTC 


4 40 


OTTOTCCACT 


AOOOOOTCCA 


CTCQCTCC AO 


OOTOTO AAOA 


CACATOTCOC 


CCTCTTCOOC 


7 20 


ATCAAOaAAO 


OTOATTOOTT 


TATAOOTOTA 


OOCCAOACCO 


OOTOTTCCTO 


AAOOQOOOCT 


7 10 


ATAAAAQOOO 


OTOOOOOCOC 


OTTCOTCCTC 


ACTCTCTTCC 


ocXtcoctot 


CTOCOAOOOC 


S 40 


CAOCTOATCA 


QCCTAOOCTT 


TOCAAAAAOC 


TT 






0 7 3 


( 3 >INrORM«nC3NFOR3BQIDNO^s 












( i )SS9] 

{ 
1 


BNcs OMAcrausncsi 

(A)UnefXBiMSWMpHn 
( C )SZIIAHDeC»)eS3tnii9> 




















(s I )SBqpBNcaoesaarsoKiS8QiD Noait 










AAOCTTTTCT 


CATTAAOOOA 


AOATTTCCCC 


AOOCAOCTCT 


TTCAAOOCCT 


AAAAOOTCCA 


40 


TaAOCTCCAT 


OOATTCTTCC 


CTOTTAAOAA 


CTTTATCCAT 


TTTTOCAAAA 


ATTOCAAAAO 


t 30 


AATAOOaATT 


TCCCCAAATA 


OTTTTOCTAO 


OCCTCAOAAA 


AAOCCTCCAC 


ACCCTTACTA 


1 SO 


CTTOAOAOAA 


AOOOTOOAOa 


CAOAOOCOOC 


CTCOOCCTTC 


TTATATATTA 


TAAAAAAAAA 


3 40 


OQCCACAOOO 


AOOAOCTOCT 


TACCCATOOA 


ATOCAOCCAA 


ACCATOACCT 


CAOOAAOQAA 


30 0 


AOTOCATOAC 


TCACAOOOOA 


ATOCAOCCAA 




C AOO AAOOA A 


AOTOCATOAC 


3 4 0 


TCACAQOaAO 


OAOCTOCTTA 


CCCATOOAAT 


OCAOCCAAAC 


CATOACCTCA 


OOAAOOAAAO 


4 3 0 


TOCATOACTO 


OOCAOCCAOC 


CAOTOaCAOT 


TAATACAOOO 


TOTOAAOACA 


CATOTCOCCC 


4 10 


TCTTCaOCAT 


CAAOOAAOOT 


OAATTOOTTT 


ATAOOTOTAO 


OGCACOTOAC 


COOOTOTTCC 


5 40 


TOAAOOOOOa 


CTATAAAAOO 


OOOTOOOOOC 


OCOTTCOTCC 


TCACTCTCfT 


CCOCATCOCT 


40 0 


OTCTOCOAOa 


OCCAQTOATC 


AOCCTAOOCT 


TTOCAAAAAQ 


CTT 




44 3 



I cla£ziu 

A /jhej^ecoinbiziaathuxxiaaproCeiaCnial^ 

by insetting a veci»rooiDpnsins^^^^^c^8^''^°^ 
proceitt C into an ad^novinii-cnnsfonned host cell Chen 
culcudng said host cell under growth cooditloBS suitable for . 
production of said reoombinaot human protein C 

2. The xecombinant human protein C molecule of daiml ^ 
wherein the adenovfrus-transforxned host cell b selected ^ 
from the group consisting of ^12 cells and human embry- 
onic kidney 293 cells. 

3. The recombinant human protein C nsolecnle of claim 2 
wherein the adenovirus-transfonned host cell is an AV12 
cell 

4. The recombinant human protein C molecule of claim 2 
Wherein the adenovinu transformed host cell is a human 
embryonic kidney 293 cell. 
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L Hman protein C having a glvcosvlation 
pattern containing N-acetvl^alactnsaTnin e fGalNAcV 

L. The human protein C of Cl aim 5. wherein 
the protein C is human protein C zymog en. 

Z. The human protein C of Claim 5. wherein 
the protein C is activated human protein C. 

The human protein C of C laim 5. wherein 
said human protein C has at least 2.6 moles of N- 
acetylgalactosamine p er mole of protein C. 



2. Human protein C produce d bv introducing 
PNA encoding protein C into a cell and expressing said protein C 
m said cell wherein said protein C has a glvcosvlation pattern 
containing N-acetvlg alactosamine TGalNAcV 

The human protein C of Claim 9. wherein 
the protein C is hum an protein C zymogen. 

IL The human protein C of Claim 9. wherein 
the human protein C is activated protein C produced hv introducing 
PNA encoding protein C into a cell, expressing said protein C in 
said cell, and activating the protein C. 

I2» The human protem C of Claim 9. wherein 
said cell is an adenov irus-transformed host cell. 
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Uj. The human-protein C of Claim 10. wherein 

sm4 ggU is m ^denovirws-transfomgcl host cdl. 

14. The activated human protein C of Claim 1 1 . 
wherein said cell is an adenovirus-transformed host cell. 

11. The activated human protein C of Claim 14. 
wherein the adenovirus-transformed host cell is selected from the 
group consisting of AV12 cells and human embryonic kidnev 293 
cells. 

IL The activated human protein C molecule of 
Claim 14. wherein the adenovirus-transformed host cell is a human 
embryonic Iddney 293 cell. 

Uj. a recombinant y-carboxvlated protein 
produced bv inserting a vector comprising a DNA vector encoding 
such protein into an adenovirus-transformed host cell, then 
culturing said host cell under conditions suitable for production of 
said reco mbinant protein. 

XL A rQgombmfflit hwn^ protein C motok of 

Claim 1 . wherein the human protein C is activated protein C 
produced bv inserting a DNA vector encoding protein C into an 
adenovirus-transformed host cell, culturing said host cell under 
conditions suitable for production of said recombinant protein: and 
activating the protein C to produce activated protein C. 
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The human-protein C of claim 5. wherein 
said protein C contains fiicose in an amount of at l east about 4.0 
moles facose per mole of human protein C. 

2Qj. The human protein C of claim 5. wherein 
said protein C contains N-acetvlgala ctosamine in an amount of at 
. least about .62 moles N-acetvlgalactosamine per mole of human 
pyoteiq C. 

2L The human-protein C of claim 5. wherein 
said protein C contains oligosaccharide chains which are N-linked 
and does not contain 0-linked oligosaccharide chains. 

22. The human protein C of claim 5. wherein 
said protein C contains oligosaccharide chains whi ch are N-linked. 

The human protein C of claim 5. wherein 
said protein C contains nlignsarrharidR r.hains whj^.h pn\ 
contain O-linked oligosaccharide chains. 

2L. The human protein C of claim 5. wherein 
said protein C is fullv Y-carboxvlated and glycosylated at positions 
97. 248. ,313 and ^2Q. 



2L The human protein C of claim 5. wherein 
said protein C contains less than about 10 moles sialic acid per 
mole of human protein C. 
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2L Human pfotein C which differs from Tniman 
plasma protein C in that sialic acid residues have been removeH 
and N-acetvlgalactosamine residues have been added. 

2L The human protein C of claim 5. wherein 
said protein C contains about 4.8 mole s fucose per mole of human 
protem C, 

22. . The human protein C of claim 5. wherein 
said protein C contains about 2.6 moles N-acetvlealacto samine per 
mole of human protein C. 

2SL The human protein C of claim 5. wherein 
said protein C contains a bout 12.4 moles N-acetvl glucosamine per 
mole of hu mai protein C. 

2L The human protein C of claim 5. wherein 
protein C contains about 6.0 moles galactose pe r mole human 
protein C. 

22. The human protein C of claim 5. wherein 
said protein C contains about 8.5 moles mannose p er mole human 

cmlgioiL 

The human protein C of claim 5. wherein 
said protein C contains about 5.4 mol es sialic acid per mole human 
protein C. 



Human protein C having about 4.8 moles 
facose per mole of human protein C. about 2.6 moles N- 
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acetylgalactosamine per mole of human protein C. about 12.4 
moles N-acetvlglucQsamine per mole of human protein C. about 
6.0 moles galactose per mole human protein C. about 8.5 moles 
mannose per mole human protein C and about 5.4 moles sialic acid 
per mole human protein C. 



21. H^ma^ protem C havmg iAcreased 

anticoagulant activity a s compared to plasma human protein C 
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\ 

I 

Allowed Claims of Reissue Application No. 09/384,327 

1 . A recombinant human protein C molecule produced by 
inserting a vector comprising the DNA encoding human protein C 
into an adenovirus- transformed host cell then culturing said 
host cell under growth conditions suitable for production of 
said recombinant human protein C. 

2 . The recombinant human protein C molecule of claim 1 
wherein the adenovirus -trans formed host cell is selected from 
the group consisting of AV12 cells and human embryonic kidney 
293 cells. 

3 . The recombinant human protein C molecule of claim 2 
wherein the adenovirus-transf ormed host cell is an AV12 cell. 

4. The recombinant human protein C molecule of claim 2 
wherein the adenovirus transformed host cell is a human 
embryonic kidney 293 cell. 

5 . Human protein C having a glycosylation pattern 
containing N-acetylgalactosamine (GalNAc) . 

5. The human protein C of Claim 5, wherein the protein 
C is human protein C zymogen. 

7. The human protein C of Claim 5, wherein the protein 
C is activated human protein C. 

8. The human protein C of Claim 5, wherein said human 
protein C has at least 2.6 moles of N-acetylgalactosamine per 
mole of protein C. 

9 . Human protein C produced by introducing DNA encoding 
protein C into a cell and expressing said protein C in said 

Exhibit D3 
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protein; and activating the protein C to produce activated 
protein C. 

19. The human protein C of claim 5, wherein said protein 
C contains f ucose in an amount of at least about 4 . 0 moles 
fucose per mole of human protein C. 

20. The h-uman protein C of claim 5, wherein said protein 
C contains N-acetylgalactosamine in an amount of at least 
about .62 moles N-acetylgalactosamine per mole of human 
protein C. 

21. The human protein C of claim 5, wherein said protein 
C contains oligosaccharide chains which are N-linked and does 
not contain 0-linked oligosaccharide chains. 

22. The human protein C of claim 5, wherein, said protein 
C contains oligosaccharide chains which are N-linked. 

23. The human protein C of claim 5, wherein said protein 
C contains oligosaccharide chains which do not contain O- 
linked oligosaccharide chains. 

24. The human protein C of claim 5, wherein said 
protein C is fully y-carboxylated and glycosylated at 
positions 97, 248, 313 and 329. 

25. Human protein C which differs from human plasma 
protein C in that the human protein C has a lower content of 
sialic acid residues and N-acetylgalactosamine residues are 
present . 



26. Human protein C which differs from human plasma 
protein C in that sialic acid residues have been removed and 
N-acetylgalactosamine residues have been added. 

27. The human protein C of claim 5, wherein said 
protein C contains about 4 . 8 moles f ucose per mole of human 
protein C . 

28. The human protein C of claim 5, wherein said 
protein C contains about 2 . 6 moles N-acetylgalactosamine per 
mole of human protein C. 

29. The human protein C of claim 5, wherein said 
protein C contains about 12 . 4 moles N-acetylglucosamine per 
mole of human protein C. 

30. The human protein C of claim 5, wherein said 
protein^ C contains about 6.0 moles galactose per mole hiiman 
protein C. 

31- The human protein C of claim 5, wherein said 
protein C contains about 8.5 moles mannose per mole human 
protein C. 

32. The human protein C of claim 5, wherein said 
protein C contains about 5.4 moles sialic acid per mole human 
protein C . 

33. Human protein C having about 4.8 moles f ucose per 
mole of human protein C, about 2.6 moles N-acetylgalactosamine 
per mole of human protein C, about 12.4 moles N- 
acetylglucosamine per mole of human protein C, about 6.0 moles 
galactose per mole human protein C, about 8.5 moles mannose 
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per mole human protein C and about 5.4 moles sialic acid per 
mole human protein C. 

34. Human protein C having increased anticoagulant 
activity as compared to plasma human protein C. 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 



: 5,681,932 

: October 28, 1997 



DATED 



INVENTOR{S) : Brian W. Grinnell 

(t is certified that error appears In the above-Identified patent and that said letters Patent is hereby 
corrected as shown below: 

Column 5, line 8, reads ^.-pgene type-."; should read "^.phenotype^'' . 

Coltunn 19. line 7, reads ^-fragment of 1723..."; should read "-.fragment of -1723.-". 

Column 19, line 13, reads ^^-.isolating a 1826"; should read '^-dsolating a -1826". 

Column 21, line 20, reads "-.StalelF-" ; should read "-.Staley ? 

Column 21, line 29, reads ".-PEEK cells-."; should read *-.PHEK cells-.". 

Column 25, line 8, reads "-JBali restriction-."; should read "-JBall restriction-.". 

Coltimn 25 „ line 15, reads **en2yme Bali.-"; should read *enzyme Ball". 

Column 25, line 62, reads «-JBali restriction-."; should read "-.Ball restriction-". 

Column 40, line 22, reads "RRlAM15/pUC19TPAPE."; should read "'^imiAM15/pUC19TRAFE-." . 

Column 45, line 40, reads «-JC12 MOCk"**)-."; should read "-.ia2 M0(;L*)„". 

Column 47, line 4, reads «-.-21 kb of"-; should read '^-.-2.1 kb of " . 

Column 47, line 42, reads \-Kl2 MO(A+) cells-."; should read "-.K12 M0(5l+) cells-.". 

Column 70, line 8, reads "^piasmid pBALcat-." ; should read'JPlasmid i^^cat" . 





Attesting Officer 



■ Acting Commissioner of Patents and Trademarks 



Signed and Sealed this 
Eleventh Day of May, 1999 
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Lilly Research Laboratories 

A Division of Eli Lilly and Company 

Lilly Corporate Center 
Indianapolis, Indiana 46285 
{317) 276-2000 

December 19, 1994 



Kathryn C Zoon, Ph.D. 
Director, 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Central Document Room 2-14 

12420 Parklawn Drive 

Rockville, Maryland 20852 

Re: Initial Submission -- Compound LY203638 (APC) for Injection - 
Serial No.: 000 

In accordance with CFR§3 12.20, we are submitting an Investigational New Drug Application (in 
five volumes) for the new drug substance, LY203638 (Recombinant Activated Protein C). 

Reference is also made to pre IND connmunications; letter of October 17, 1994, requesting a pre 
IND meeting and the telephone conversations between Dr. R. Lewis and Dr. A. Stewart on 
November 22, 1994, concluding that a pre IND meeting would not be necessary. 

LY203638 is recombinant human activated Protein C. Activated Protein C occurs naturally as a 
plasma protein and has a critical role in the regulation of hemostasis. Its' most obvious effect is 
the ability to inactivate factors Va and Villa, thereby preventing blood clot formation. In 
addition, there is evidence that aPC inhibits platelet deposition and activation, and inhibits 
thrombin-induced inflammation. The treatment of sepsis is the indication to be developed under 
this IND. The rationale for the utilization of aPC for the treatment of sepsis is found in the 
Clinical Investigator's Brochure (Vol. 1 , pages 42-44). 
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Please call or Dr. Andrew Stewart at (317) 276-41 13 or me at (317) 276-2574 if there are any 
questions. Thank you for your continued cooperation and assistance. 

Sincerely, 

ELI LILLY AND COMPANY 




Director 

Worldwide Regulatory Affairs 
cc: Richard M. Lewis, Ph.D. 




ruDiic neaiin service 



Food and Drug Administration 
1401 Rockville Pike 
Rockville MD 20852-1448 



Our Reference: BB-IND 5919 



Eli Jailly and Company 
Attention : M . W . Talbott , Ph . D . 
Director, Worldwide Regulatory Affairs 



M - 3 1995 



Lilly Corporate Center 
Indianapolis, IN 46285 




Dear Dr. Talbott: 

The Center for Biologies Evaluation and Research has received 
your Investigational New Drug Application (IND) . The following 
product name and BB-IND number have been assigned to this 
application. They serve only to identify it and do not imply 
that this Center either endorses or does not endorse your 
application. 

BB-IND #: 5919 

SPONSOR: Eli Lilly and Company 
PRODUCT NAME: Activated Protein C (Lilly) 
DATE OF SUBMISSION: December 19, 1994 
DATE OF RECEIPT: December 27, 1994 

This BB-IND number should be used to identify all future 
correspondence and submissions, as well as telephone inquiries 
concerning this IND. Please provide an original and two copies 
of every submission to this file. Please include three originals 
of all illustrations which do not reproduce well. 

It is understood that studies in humans will not b e initiated 
until 30 days after the date of receipt shown above . If this 
office notifies you, verbally or in writing, of serious 
deficiencies that require correction before human studies can 
begin, it is understood that you will continue to withhold such 
studies until you are notified that the material you have 
submitted to correct the deficiencies is satisfactory. If such a 
clinical hold is placed on this file, you will be notified in 
writing of the reasons for placing the IND on hold. 

You are responsible for compliance with applicable portions of 
the Public Health Seirvice Act, the Federal Food, Drug, and 
Cosmetic Act, and the Code of Federal Regulations (CFR) . A copy 
of 21 CFR Part 312, pertaining to INDs, is enclosed^ Copies of 
other pertinent regulations are available from this Center upon 
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request. The following points regarding obligations of an IND 
sponsor are included for your information only, and are not 
intended to be comprehensive. 

Progress reports are required at intervals not exceeding one year 
and are due within 60 days of the anniversary of the date that 
the IND went into effect. Any unexpected, fatal or immediately 
life-threatening reaction which is associated with use of this 
product must be reported to this Center within three working 
days, and all serious, unexpected adverse experiences must be 
reported, in writing, to this Center and to all study centers 
within ten working days. 

Charging for an investigational product in a clinical trial under 
an IND is not permitted without the prior written approval of the 
FDA. 

Prior to use of each new lot of the investigational biologic in 
clinical trials, please submit the lot number, the results of all 
tests performed on the lot, and the specifications when 
established (i.e., the range of acceptable results). 

If not included in your submission, please provide copies of the 
consent forms for each clinical study. A copy of the 
requirements for and elements of inforaed consent are enclosed. 
Also, please provide documentation of the institutional review 
board approval (s) for each clinical study. 

All laboratory or animal studies intended to support the safety 
of this product should be conducted in compliance with the 
regulations for "Good Laboratory Practice for Nonclinical 
Laboratory Studies" (21 CFR Part 58, copies available upon 
request) . If such studies have not been conducted in compliance 
with these regulations, please provide a statement describing in 
detail all differences between the practices used and those 
required in the regulations. 

Item 7a of form FDA 1571 requests that either an "environmental 
assessment," or a "claim for categorical exclusion" from the 
requirements for environmental assessment, be included in the 
IND. If you did not include a response to this item with your 
application, please submit one. See the enclosed information 
sheet for additional information on how these requirements may be 
addressed. 

Sponsors of INDs for products used to treat life-threatening or 
severely debilitating diseases are encouraged to consider the 
interim rule outlined in 21 CFR 312.80 through 312.88. 
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Telephone inquiries concerning this IND should be made directly 
to me at (3 01) 594-5656. Correspondence regarding this file 
should be addressed as follows: 

Center for Biologies Evaluation and Research 
Attn: Office of Therapeutics Research and Review 
HFM-99, Room 200N 
1401 Rockville Pike 
Rockville, MD 20852-1448 

If we have any comments after we have reviewed this submission, 
we will contact you. ■{ 

Sincerely yours, 
Rocio Llave 

Consumer Safety Officer 

Division of Application Review and Policy 
Office of Therapeutics 

Research and Review 
Center for Biologies 

Evaluation and Research 

Enclosures (3) : 21 CFR Part 312 

21 CFR 50.20, 50.25 

Information sheet on 21 CFR 25.24 



www.lilly.com 



FDA/CBER 




JAN 2 6 2001 



UUy Research Laboratories 
A Division of EU UUy and Company 
Lilly Corporate Center 
IndianapoUs, Indiana ^285 U.SJl. 



MAH.ROOM 



Phone 317 276 2000 



25 January 2001 



Food and Drug Administration 
Cenler for Biologies Evaluation and Research 
Office of Therapeutics Research and Review 
Document Control Center, HFM-99. Room 200N 
1401 RockvillePike / 



INITIAL BLA 



Rockville, MD 20852-1448 

RE: Biologies License Application for Zovant^' (Drotrecogin alfa (activated) - 
Recombinant Human Activated Protein C (rhAPC) 

This letter accompanies the submission by Eli Lilly and Company (Lilly) of an initial 
Biologies License Application (BLA) for Zovant^' (drotrecogin alfa (activated)). 

Lilly believes thai the BLA for Zovant warrants a priority review, since severe sepsis is a 
serious and life-threalening disease with a large unmet medical need. Zovant may meet 
this critical unmet medical need and represents a potentially life-saving drug. Therefore, 
Lilly would like to request a priority review for this BLA. 

This application is organized according to the general requirements of 21 CFR 314.50 
and 601-2. follows the ^'Guidelines for the Format and Content of the Clinical and 
Statistical Section of New Drug Applications", and is formatted in accordance with the 
'^Guidance for Providing Regulatory Submissions to the Center for Biologies Evaluation 
and Research (CBER) in Electronic Format - Biologies Marketing Applications", 

Two copies of the entire submission are provided in electronic formal on digital tape. The 
approximate size of the submission is 4 gigabytes. Also included are 2 copies of the 
statistical section on CD-ROM (approximate size 400 megabytes). The following 
documents are also filed in paper format (2 copies): 

1. Cover leiier 

2. Form FDA 356h (ineluding attachment) 

3. Form FDA 2567 

4. Debarment Certification 

5. User Fee Cover Sheet 

6. Forms FDA 3454 and 3455 

The electronic media have been checked and verified to be free of known viruses. The 
virus checking software was McAfee VirusScan 4.0.2 using Virus Definitions 4.0.41 14 
created on 3 January 2(X)I . 
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The enclosed Note to Reviewers provides an item-by-iiem description of relevant 
agreements reached between the Agency and Lilly and explains some specific content. 

To coordinate the follow-up activities, please direct any written communication, 
regardless of subject, to me: 

Gregory Brophy, Ph.D. 
Director 

U.S. Regulatory Affairs 
Lilly Research Laboratories 
Lilly Corporate Center 
Indianapolis, IN 4628S 

FAX number. (317) 433-2255 

Telephone calls dealing with general issues, clinical reports. labels and literature should 
be made to: 

Ruth Kramer. Ph.D. 
(317) 276-1264 (woric) 
(3 17) 923 59 10 (home) 
(866) 363-9548 (pager) 

or. alternatively, you may reach Ruth Kramer via E-mail at Kramer_Ruth_M@Lilly.com 

In the case of Ruth Kramer's absence please contact: 

Gregory Brophy, Ph.D. 
(317) 277-3799 (work) 
(317) 335-7360 (home) 
(800) 356-0773 (pager) 

On holidays, Sattirdays. or Sundays, call Dr. Kramer or Dr. Brophy at home using the 
numbers indicated. 

Any calls relating to the electronic submission should be made to: 

Mr. Steve Ward 
(317) 276-2952 (work) 
(317) 340-7838 (cell phone) 

or, in his absence, to: 

Mr. Patrick Mooiiey 

(317) 276-0586 (work) 

(3 1 7) 33 1-3096 (cell phone) 
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Any calls related to manufacturing and control issues should be made to: 

Mr. MarkSlisz 
(317) 276-9640 (work) 
(317) 298-8782 (home) 
(888) 265-5487 (pager) 

or. in his absence, to: 

Diane Zezza. Ph.D. 
(317) 433.9882 (work) 
(317) 733-8604 (home) 

Finally, as provided for in 2 1 CFR 3 1 4. 1 02(2). UUy requests that a 90-day conference be 
scheduled to discuss the general progress of the review and the status of the application. It 
is expected that this conference will occur in late April. 

Please contact Dr. Ruth Kramer at (317) 276-1264, or myself at (3 1 7) 277-3799, if you 
require any additional information or if there are any questions. 

Sincerely. 

EULLILLY AND COMPANY 

Gregory T. Brophy, Fh.D. 
Director 

U.S. Regulatory Affairs 
Enclosures 



DEPARTMENT OF HEALTH & HUMAN SERVICES 



Food and Drug Administration 
1401 Rockville Pike 
Rockville MD 20852-1448 

Eli Lilly and Company 

Attention: Gregory T. Brophy, Ph.D. FEB 0 2 2001 

Director, U.S. Regulatory Affairs 
Lilly Corporate Center 
Indianapolis, IN 46285 



Dear Dr. Brophy: 

SUBMISSION TRACKING NUMBER. (STN) BL 125029/0 has been assigned to your recent 
submission of your biologies license application, received on January 26, 2001, for drotrecogin 
alfa (activated) for treatment of severe sepsis. 

As of April 1, 1999, all applications for new active ingredients, new dosage forms, new 
indications, new routes of administration, and new dosing regimens are required to contain an 
assessment of flie safety and effectiveness of the product in pediatric patients unless tiiis 
requirement is waived or deferred (63 FR 66632). Please refer to the FDA Draft Guidance for 
Industry: Recommendations for Complying With the Pediatric Rule (21 CFR 314.55(a) and 
601 .27(a)) (November 2000), available at Tiffr //www.fda.Pov/cber/gd1ns/nedTwle.Pdf . 
If you have not already Mfilled theTequirememts of 21 CFR 601.27, please submit your plans 
for pediatric drug development wiflun 120 days from tiie date of tiiis letter unless you believe a 
waiver is appropriate. Within 120 days of receipt of your pediatric drug development plan, we 
wiU notify you of the pediatric stodies that are reqmred under section 21 CFR 601.27. 

If you believe that this drug qualifies for a waiver of tiie pediatric study requirement, you 
should submit a request for a waiver witii supporting information and documentation in 
accordance witii tiie provisions of 21 CFR 601.27 wifliin 60 days from tiie dale of tiiis letter. 
We will notify you witiun 120 days of receipt of your response wheflier a waiver is granted. If 
a waiver is not granted, we will ask you to submit your pediatric drug development plans 
witfiin 120 days from the date of denial of flie waiver. 

AU future correspondence, supportive data, or labeling relating to tills application should be 
submitted in triplicate and should bear tiie above STN and be addressed to tiie Director, 
Division of Application Review and Policy, HFM-585, Center for Biologies Evaluation and 
Research, Food and Drug Administration, 1401 Rockville Pike, Rockville, MD 20852-1448. 

This acknowledgement does not mean tiiat a license has been issued nor does it represent any 
evaluation of tiie adequacy of tiie data submitted. Following a review of tiie application, we 
shall advise you in writing as to whataction has been taken and request additional information 
. if needed.' 



RECEIVED FEB 1 3 2001 
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Should you have the need to discuss any technical aspects of the application, you ^ ob^ 
m°m2 of the chairperson of the Ucensing review coimnittee by contactmg this office at 
m^Jm i^uestions concerning administrative or procedural matters should also be 
directed to this office. 

Sincerely yours, 




Glen D. Jones, Ph.D. 

Director ^ 
Division of Application Review and PoUcy 
Office of Therapeutics 

Research and Review 
Center for Biologies 

Evaluation and Researdi 



U.S. Patent No. 5,681,932 



Page 



27 December 1994 
10 February 1995 

27 March 1995 

9 June 1995 
22 June 1995 
14 July 1995 

17 October 1995 

10 January 1996 



Drotrecogin alfa (activated) 
Regulatory Review Activities 

IND application received by FDA 

Lilly submitted Phase 1 protocol amendment (f IK-LC- 
GUAA(a) and minutes from a 27 January 
teleconference with the FDA 

Lilly submitted chemistry Manufacturing and Control 
preview of changes in material from Phase I to Phase II 
and requested a meeting with FDA representatives 

Lilly submitted protocol FIK-LC-GUAB 

Lilly personnel met with FDA representatives 

Lilly submitted protocol FIK-LC-GUAC 

Lilly submitted protocol FIK-MC-EVAC and protocol 
amendment FlK-LC-GUAC(b) 

Lilly submitted Phase 2 protocol FIK-MC-EVAA 
(Serial No. 15) 



15 March to 6 October 1996 Lilly submitted amendments (a) to (e) for Phase 2 

protocol (Serial Nos. 17, 19, 22, 23 and 30) 



22 August 1997 



22 October 1997 



6 November 1997 



13 November 1997 



15 January - 8 June 1998 



Lilly submitted amendment (f) for Phase 2 protocol 
(Serial No, 56) 

Lilly submitted Briefing Document for Phase 2 meeting 
(Serial No. 62) 

Phase 2 meeting with FDA representatives on the 
following: 

" safety database (>5 90 patients) 

" basic design of the Phase 3 pivotal study 
(including organ dysfunction scoring system, 
evaluation of abnormal labs, and 
inclusion/exclusion criteria) 

" indication statement (if supported by clinical 
data). 

Lilly submitted minutes for Phase 2 meeting (Serial No. 
66) 

Five teleconferences with discussion of and agreement 
on the following: 
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9 June 1998 

29 June 1998 

2 July 1998 
24 July 1998 



7 August 1998 
27 August 1998 

12 November 1998 

7 December 1998 



9 December 1998 



" interim analyses plan and Data Safety 
Monitoring Board (DSMB) 

reporting of deaths and Serious Adverse Events 
(SAEs) 

" use of saline as placebo (and unblinded 
pharmacist) 

■ rationale and plan for drug infusion 

" assessment of infectious disease covariates 

" infectious disease data collection and analysis. 

Lilly submitted Phase 3 protocol FIK-MC-EVAD 
(Serial No. 83) 

Teleconference with FDA to review the Phase 3 
protocol and discuss clarification of infection criteria 

Lilly minutes for 29 June teleconference (Serial No. 91) 

Teleconference with FDA to discuss evaluation of 
antibody formation in Phase 3 study and to reach 
agreement on the following: 

" No more than 200 patient samples (randomized 
1:1 to rhAPC or placebo; monitored in a blinded 
manner) need to be tested, if incidence of 
antibody response is below 5% 

" Testing for antibodies only needs to occur in 
patients receiving early Phase 3 clinical trial 
material (BDS-2), since the basic manufacturing 
process for late Phase 3 material (BDS-2+) is 
similar. 

Lilly minutes for 24 July teleconference (Serial No. 94) 

Received FDA minutes for Phase 2 meeting from 7 
November 1997 

Lilly submitted an IND for stroke (Phase I EVAM 
protocol) 

Lilly and FDA representatives had a teleconference to 
discuss a potential change in placebo for use in the 
Phase 3 study (from saline to dilute (0.1%) solution of 
human serum albumin). 

Lilly minutes from 7 December (Serial No. 105) 
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12 March 1999 
23 March 1999 
25 March 1999 



1 April 1999 
21 April 1999 

30 April 1999 

16 September 1999 

6 October 1999 



6 October 1999 

11 October 1999 

10 November 1999 

22 November 1999 

7 December 1999 

23 December 1999 

12 January 2000 



Lilly submitted protocol amendment FIK-MC- 
EV AD(a) (Serial No. 1 1 5) 

Lilly and FDA representatives had a teleconference to 
discuss the protocol amendment. 

Lilly and FDA representatives had a teleconference to 
discuss exclusion criteria [21] (patients with metastatic 
cancer) and [24] (organ transplant patients) of the 
amended protocol. 

Lilly minutes for 23 and 25 March teleconferences 
(Serial No. 116) 

Lilly and FDA representatives had a teleconference to 
discuss the data analysis methods described in the 
amended protocol. 

Lilly submitted minutes for the 21 April teleconference 
(Serial No. 119) 

Phase 3 study Report Analysis Plan submitted (Serial 
No. 141) 

Lilly submitted data relating to in vitro comparability of 
early Phase 3 drug substance and late Phase 3 drug 
substance and Lilly requested that FDA determine the 
necessity of a PK study in humans (Serial No. 146) 

Lilly submitted a proposal for a pediatric study and 
target labeling for pediatrics (Serial No. 147) 

Phase 3 data were independently analyzed and a 
recommendation was made to continue the Phase 3 
study (Serial No. 149) 

Lilly and FDA representatives had a teleconference to 
discuss the design of the pediatric PK/safety study and 
proposed labeling. 

Lilly minutes for 10 November teleconference (Serial 
No. 156) 

Lilly submitted a protocol for a pediatric study FIK- 
MC-EVAO (Serial No. 158) 

Lilly and FDA representatives had a teleconference to 
discuss plans for a prospectively defined Clinical 
Evaluation Committee (CEC) evaluation process. 

Lilly minutes for 23 December teleconference (Serial 
No. 161) 
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7 March 2000 



17 March 2000 
5 April 2000 
12 May 2000 
17 May 2000 
12 June 2000 

21 June 2000 
29 June 2000 



6 July 2000 



20 July 2000 
27 July 2000 
2 August 2000 
16 August 2000 



Lilly and FDA representatives had a videoconference to 
discuss the Phase 1 clinical pharmacology issues related 
to the use of rhAPC as therapy for sepsis. FDA agreed 
that the current package of clinical pharmacology and 
pharmacokinetic studies, and the planned analysis of 
Phase 3 pharmacology and pharmacokinetic data, were 
likely to be sufficient to support registration. 

Lilly minutes for 7 March teleconference (Serial No. 
172) 

Lilly received FDA minutes from 7 March 
teleconference 

Final report filed for Phase 1 study EVAM (under the 
stroke IND) 

Plans for the 2'^'* Interim Analysis and the decision 
guidelines for the independent DSMB (Serial No. 181) 

Lilly and FDA representatives had a teleconference to 
recap plans for the 2"^ Interim Analysis and the decision 
guidelines for the DSMB. 

Lilly minutes for teleconference from 12 June (Serial 
No. 184) 

2"^* Interim Analysis by DSMB with recommendation to 
stop enrollment of new patients due to highly significant 
results. This recommendation was based on 1520 
evaluable patients enrolled in the trial and the 
prospectively defined stopping rules (Serial No. 186). 

Lilly and FDA representatives had a teleconference to 
discuss timing of written request for Pre-BLA Meeting. 
FDA stated that such request needed to be accompanied 
by synopsis of Phase 3. efficacy data. 

Lilly submitted a final revised Report Analysis Plan 
(Serial No. 190) 

Lilly submitted a PK analysis interim report for 
pediatric study, Part 1 (Serial No. 191) 

Lilly submitted a listing of all ITT patients that died in 
Phase 3 study (Serial No. 193) 

Lilly and FDA representatives had a teleconference to 
review PK analysis report for the pediatric study FIK- 
MC-EVAO 
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31 August 2000 

11 September 2000 

21 September 2000 

9 October 2000 
14 November 2000 
26 January 2001 

16 October 2001 

26 October 2001 
2 November 2001 
21 November 2001 



Minutes for teleconference from 16 August (Serial No. 
196) 

Lilly made a pre-BLA Meeting request with synopsis of 
Phase 3 data (Serial No. 200) 

Lilly submitted a draft list of questions for Pre-BLA- 
Meeting (Serial No. 203) 

Pre-BLA Meeting Briefing Document (Serial No. 205) 

Lilly and FDA representatives had a pre-BLA Meeting 

Biologies License Application received by FDA 
(BLA 125029/0) 

Anti-Infective Drugs Advisory Committee Meeting was 
held 

Lilly received a complete response letter from FDA 

Lilly responded to FDA's action letter 

Biologies License Application for Drotrecogin alfa 
(activated) was approved by the FDA 




Lilly Research Laboratories 

A Division of Eli Lilly and Company 

Lilly Corporate Center 
Indianapolis. Indiana 46285 
(317) 276-2000 



November 12, 1998 



Food and Drug Administration 

Center for Biologies Evaluation and Research 

Office of Therapeutics Research and Review 

Document Control Center, HFM-99, Room 200 North 

1401 Rockville Pike 

Rockville, MD 20852-1448 

Re: Original IND submission for LY203638 (Recombinant Human Activated Protein C) for the 
Treatment of Stroke 

Serial No. 000 

Pursuant to 21 CFR 312.23, Eli Lilly and Company (Lilly) is submitting an original and two copies of the 
investigational new drug (IND) application for LY203638 (Recombinant Human Activated 
Protein C, rhAPC) for the treatment of stroke. 

LY203638 (rhAPC) is currently being investigated for the treatment of severe sepsis (BB-IND 5919; 
submitted in December 1994 and active in the Division of Clinical Trial Design and Analysis, Inmiunology 
& Infectious Diseases Branch). BB-IND 5919 is cross-referenced throughout this application where 
appropriate. 

Activated protein C (APC) is a naturally occurring highly specific serine protease that circulates in the 
blood as an inactive zymogen (protein C). APC functions as an anti-thrombotic agent by inhibiting factor 
Va and Villa thereby blocking the generation of thrombin. APC may also have anti-inflammatory and pro- 
fibrinolytic activities. Recombinant human activated protein C (LY203638, rhAPC) is a recombinant 
version of APC and is produced by the human kidney cell line 293. 

The anti-thrombotic effect of APC may prevent clot extension or vascular reocclusion and may be 
beneficial in the treatment of stroke. Bleeding is a potential risk associated with LY203638 (rhAPC). To 
date there have been no bleeding episodes or other serious adverse events thought to be causally related to 
LY203638 (rhAPC). Thus, LY203638 (rhAPC) has demonstrated a favorable safety profile in healthy 
normals and patients with severe sepsis. On the basis of these observations, LY203638 (rhAPC) is being 
considered as a therapeutic agent for stroke. 

The primary objective of FIK-LC-EVAM (the protocol submitted in this IND application) is to evaluate the 
safety of LY203638 (rhAPC) given as a loading dose followed by a constant rate infusion over a range of 
doses. The study will be an open label design and the study population will consist of healthy adult men or 
women. Each subject will have one treatment of LY203638 (rhAPC). The primary safety outcome will be 
the bedside APTT and bleeding time. The secondary objective is the determination of the pharmacokinetics 
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and pharmacodynamics of LY203638 (rhAPC) under conditions of dose loading followed by constant rate 
infusion. This study will be used to define the dosing paradigm for subsequent studies in stroke patients. 

This IND has been prepared according to FDA's guidance for industry: "Content and format of 
investigational new drug applications (INDs) for Phase I studies of drugs, including well-characterized, 
therapeutic, biotechnology-derived products". We have provided brief summaries of all completed and 
ongoing clinical studies with LY203638 (rhAPC) and we have cross-referenced the preclinical study reports 
and the'cM&C section of BB-IND 5919. 

Please call Dr. Ruth Kramer at (317) 276-1264 or me at (317) 277-3799 if you require any additional 
information or if there are any questions. Thank you for your continued cooperation and assistance. 

Sincerely, 

ELI LILLY AND COMPANY 




Gregor/T. Brophy, Ph.D. 
Directqr 
U.S. Regulatory Affairs 



"Express Mail" mailing label number 

Date of Deposit 

I hereby certify that this paper or fee is being deposited with the United States 
Postal Service "Express Mail Post Office to Addressee" service under 37 C.F.R. 1.10 
on the date indicated above and is addressed to the Assistant Commissioner for 
Patents, P.O. Box 2327, Arlington, VA 22202-0327. 



Printed Name Signature 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re United States Patent No.. 5,681,932 
(Reissue Application No. 09/384,327) 

-Patentee — : — ^Brian- W-r^-Grinnell — - 

Assignee : Eli Lilly and Company 

Issue Date : October 28, 1997 

POWER OF ATTORNEY 

Assistant Commissioner for Patents 
Attn: Box Patent Ext. 
Washington, D.C. 20231 



Sir: 

Eli Lilly and Company is the Assignee of the entire 
right, title and interest in the patent identified above by 
virtue of an Assignment recorded on March 14, 1996, in 
Reel 7842, Frame 647. 

I, Robert A. Armitage, am Vice President and General 
Patent Counsel, Eli Lilly and Company. Pursuant to the 
authority granted to me by Rebecca O. Kendall, General Counsel 
of Eli Lilly and Company in a doctiment dated February 13, 2001 
(a copy of which is attached as Appendix A) , I delegate to 
each of the following persons: 

Attorney . Reg. No 

Arvie J. Anderson 45,263 

Lynn D. Apelgren 45,341 

Robert A. Armitage 27,417 

Brian P. Barrett 39,597 

Michael T. Bates 34,121 

Roger S. Benjamin 27,025 

Gary M, Birch 48,881 

William R. Boudreaux 35,796 

Steven P. Caltrider 36,467 

Paul R. Cantrell 36,470 



Attorney Reg. No. 

Charles E.Cohen 34,565 

Donald L. Comeglio 30,741 

Gregory A. Cox 47,504 

Paula K. Davis 47,517 

Elizabeth A. Dawalt 44,646 

John C. Demeter 30,167 

Manisha A. Desai 43,585 

Joanne Longo Feeney 35,134 

Paul J. Gayio 36,808 
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Francis O. Ginah 
Janet A. Gongola 
Amy E. Hamilton 
Frederick D. Hunter 
Thomas E. Jackaon 
Charles Joyner 
Gerald P. Keleher 
James. J- Kelley 
Paul J. Koivuniemi 
Kirby Lee 
Robert E. Lee 
James P. Leeds 
Nelsen L. Lentz 
Douglas K. Norman 
Arleen Palmbercr 
Thomas G. Plant. 
Edward Pre in 



44,712 
48,436 
33,894 
26.915 
33 , 064 
30, 466 
43,707 
41,888 
31,533 
47,744 
27, 919 
35,241 
38,537 
33,267 
40,422 
35,784 
37,212 



Grant E. Reed 
James J- Sales 
Michael J. Sayles 
Robert L. Sharp 
David M. Sterner ick 
Mark J. Stewart 
Robert D. Titus 
Robert C. Tucker 
Tina M. Tucker 
MaCharri Vorndran-Johes 
Gilbert T. Voy 
Thomas D. Webster 
Lawrence T. Welch 
Alexander Wilson 
Dan L . Wood 



41, 264 
33,773 
32, 295 
45,609 
40, 187 
43 , 936 
40,206 
45, 165 
47, 145 
36.711 
43,972 
39.872 
29,487 
45,782 
48,613 



all of whom are registered to practice before the United 
States Patent and Trademark Office and are employees of Eli 
Lilly and Company, the authority to prosecute and transact all 
business in the Patent and Trademark Office connected with the 
application for extension of the term of U.S. Patent* 
No. 5,681,932 (Reissue Application No. 09/384,327). 



Please send all future correspondence in connection 



with this application to: 



Brian P. Barrett 
Eli Lilly and Company 
Lilly Corporate Center 
Indianapolis, Indiana 4 6285 



ELI LILLY AND COMPANY 




Robert A. Armitage 
Vice President and 
General Counsel 



Eli Lilly and Company 
Patent Division/BPB 
Lilly Corporate Center 
Indianapolis, Indiana 4 6285 
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